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MUNZUR 8TH INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

DATE - PLACE
APRIL 11 - 13, 2025 -

TUNCELI

ORGANIIZATION
ACADEMY GLOBAL CONFERENCES & JOURNALS

EVALUATION PROCESS
All applications have undergone a double-blind peer review process.
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PRESENTATION
Oral presentation

PERCENTAGE OF PARTICIPATION
29 papers presented by by participants from Turkey and 40 papers from other
Countreies

Members of the organizing committees of the conference perform their duties with an
"official assignment letter""
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Konu :31-14279 Prof. Dr. Ali Bilgili'nin

Uluslararas1 Kongrelerde Diizenleme ve

Bilim kurullarinda yer almasi hk

FARMAKOLOIJI VE TOKSIKOLOJi ANABILIM DALI BASKANLIGINA
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Kurulu'nun 15.06.2023 tarihli oturumunda dogentlik bagvurulari sartlar1 ile ilgili degisiklik Onerileri
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MUNZUR 8" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
The ArtTown 4™ INTERNATIONAL GROUP EXHIBITION
April 11 - 13,2025
TUNCELI

Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=f0 YazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e  ZOOM baglantisi i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini kullanabilirsiniz.

e  Oturum icerisinde en KIDEMLI olan moderator olarak secilir. Moderatdriin oturum diizenini gdzetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizi adinizin 6niine asagidaki gibi ekleyiniz. Bu sayede kongre agilisinda

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin agilmamasinit moderatdrler temin edecektir.

Sunum sonrasi1 5 dakikay1 gegmeyen soru-cevap, tartisma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda agik olmak zorundadr.

Sunum yapan katilimeinin kamerasi agik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katilimciya sertifika verilmesi ve

¢aligmasinin yaymlanmasi sézkonusu olamaz.

e  Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e  Katilimcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite simri nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID
or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period

e Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

You should be able to use screen sharing feature in Zoom.

Attendance certificates will be sent to you as pdf at the end of the congress.

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals
gy

ACADEMY




 CONFEREH,
S &,

&

7
Pl

ACADEy,

www.akademikongre.org

MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI
Meeting ID: 885 7151 8350 Passcode: 202224
11 Nisan / April 11,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

Dog. Dr. Miige MANGA
Dog. Dr. Duygu YILDIZ
KARAKOC

RELATIONSHIP BETWEEN LOAD CAPACITY FACTOR AND
1 FOREIGN DIRECT INVESTMENT: AN ANALYSIS ON
TURKIYE

Dog. Dr. Duygu YILDIZ
KARAKOC
Dog. Dr. Miige MANGA

TURKIYE’S FOOD SUSTAINABILITY PERFORMANCE
2 WITHIN THE SCOPE OF THE FOOD SUSTAINABILITY
INDEX

AGRICULTURAL POLICIES OF TURKEY IN THE CONTEXT o
8 | OFRIGHT TO FOOD & FOOD SECURITY Prof. Dr. Ahmet SAHINOZ

N
Q
- 4
op— T . . . . PR . T .
= E 4 Istihdam ve Eknonuomlk Biiyiime Arasindaki Iliski: Istthdam Dr. Servet KAPCAK
@) 7 Yaratmayan Biiyiime
|
~—
-5}
5 | B
~ =
:Il <
< 5 5 YAPAY ZEKA EKONOMISI VE DIJiTALLESME Dr. Servet KAPCAK
T o
=
S
-9
6 UNEMPLOYMENT CONVERGENCE ANALYSIS FOR G7 Dr. Ogr. Uyesi, Anil
COUNTRIES: FOURIER UNIT ROOT TEST LOGUN
7 THE EFFECT OF URBANIZATION ON ENERGY Dr. Ogr. Uyesi, Anil
CONSUMPTION: THE EXAMPLE OF TRB REGION LOGUN
Yiiksek Lisans Ogrenci,
8 DONGUSEL EKONOMI VE ULKELERIN ATIK YONETIMI ILIRJAN HASA
ACISINDAN DEGERLENDIRILMESI Dog. Dr., GOKHAN
OZKAYA
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
TAKIM TALAS YUZEYI UZERINE ACILAN SOGUTMA Dog.Dr, OKTAY
KANALI ILE YAPILAN SOGUTMA ISLEMISNDE TAKIM ADIYAMAN
ASINMASININ INCELENMESI GULCIN SEKER
PotoYolt§1k panel pasif sogutma sistemlerinde termoelektrik Perihan CULUN
modiillerinin kullanilmasi
N Perihan CULUN
= % Termoelektrik ve Peltiyer Modiillerinin Farkli Uygulama Alanlar Cengiz ONER
O = Nihat TARHAN
- -
< o
(92]
hayg =
_ = Prof. Dr. CEM
_I - p— T ~
< 5 INVESTIGATION OF SURFACE PERFORMANCE OF SINANOGLU
T A~ TEXTURED BEARINGS Dr. Ogr. Uyesi FATMA
NAZLI OZSOLAK
ASLIHAN COLAK
Yiiksek Lisans Ogrencisi,
ZINGIBER OFFICINALE/POLIETILEN GLIKOL BIYOPOLIMER KEGSED&L;;IZ
MATRISINDE CINKO OKSIT NANOPARTIKULLERIN YESIL 5. Uor.
SENTEZININ OPTIMIZASYONU KA ULUT SEVK
Dog. Dr. NURAY BEKOZ
ULLEN
Yiiksek Lisans Ogrencisi,
FARKLI YUZEY PURUZLULUKLERININ CINKO OKSIT XEGSED&L;;E&
NANOPARTIKUL KAPLAMALARIN MORFOLOJISINE §. Jor.
ETKISININ INCELENMESI KARABULUT SEVK.
Dog. Dr. NURAY BEKOZ
ULLEN
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MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI
Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Selection of Synonymous Words in the Qur’an and Its Impact on the
! Meaning within the Scope of Linguistic Interpretation Dog.Dr, Ahmed ALDYAB
Selection of Indefinite Words in the Qur’an and Its Impact on the
2 Meaning within the Scope of Linguistic Interpretation Dog.Dr, Ahmed ALDYAB
3 THE LEXICAL MEANING AND TERMINOLOGIZATION OF Master’s Student Ceylan
THE TERM “VELAYAH” IN THE ARABIC LANGUAGE Cetin
4 THE TERMiN_OLOGiCAL DEVELOPMENT OF THE WORD Master’s Student Ceylan
“VELAYAT” IN THE FUNDAMENTAL ISLAMIC SCIENCES Cetin
S
: HOW THE AUTHOR AND CHARACTERS SPEAK TO THE ; -
™ Z S TARGET AUDIENCE THROUGH STYLES Prof. Dr. MUNISE AKSOZ
% <
§, Z. 6 OZDEMIR ASAF AND STYLES Prof. Dr. MUNISE AKSOZ
3 |2
-
Z:' = RABIA SAFAK
T E 7 EIIEI}/(I}II\IS% COKUM’UN ROMANLARINDA PSIKANALIZ PROF. DR. MUMTAZ
e SARICICEK
-
The Nomenclature Of Agricultural Tools And Their Cultural
8 Contexts In The Tunceli Mazgirt Region Derya BURKAY
o ; R ; Yiiksek Lisans Ogrencisi,
9 MODERN ARAP SIIRI EKOLLERI VE TEMSILCILERI ZEYNEP DIiCLE
10
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MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)

CRIMINAL LIABILITY IN COPYRIGHT VIOLATIONS: A
COMPARATIVE OVERVIEW FROM THE WESTERN
BALKANS REGION

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Title: REFORMING RETIREMENT BENEFIT DIVISION IN Dr. N. Mthembu
SOUTH AFRICAN DIVORCE LAW: ENSURING EQUITY FOR Pr(')f br T Khumalo
NON-MEMBER SPOUSES T
MAPPING ILLICIT CROPS THROUGH SPECTRAL ANALYSIS: .
A REMOTE SENSING STRATEGY FOR SECURITY AND Ernggf gﬂacr):%r;:(?;h
AGRICULTURAL STABILITY T
COMPULSORY MEDIATION IN DEFAMATION CASES:
NAVIGATING THE TENSION BETWEEN SPEECH RIGHTS Dr. T. Mokoena
AND PERSONAL REPUTATION o
HISTORICAL TRAJECTORIES OF REFUGEE AND ASYLUM Mohammad Reza Farhadi
POLICIES IN AUSTRALIA: A CRITICAL REVIEW OF Amina Fatou Ndiaye
IMMIGRATION ATTITUDES Dr. Dawid Marek Nowak

< o

D =

Z o ©

S &5

:(l £ S THE DYNAMICS OF DECENTRALIZATION IN THE

n s A4 EUROPEAN UNION: IMPLICATIONS AND FUTURE Sofiya lvanenko

: - DIRECTIONS FOR UKRAINE

3 ‘g

< } .

T o

Elira Dreshaj
Arlinda Petrova
Fjona Kelmendi

RETHINKING RESOURCE POLICIES: A COMPARATIVE
PERSPECTIVE ON END-OF-WASTE LEGISLATION IN THE
EUROPEAN UNION

Elena Petrova
Dr. Ahmed Al-Rashid
Marta Nowak

TRANSFORMATIONAL LEADERSHIP AND POLITICAL
DYNAMICS: THEIR IMPACT ON CORPORATE
PERFORMANCE IN NATIONAL ENERGY ENTERPRISES

Muhammad Faris Abdullah,
Chidinma Grace Okafor

THE IMPACT OF DIGITAL INNOVATION ON
FUNDAMENTAL PRINCIPLES OF CONTRACT LAW

Ms. Aiko Tanaka,
Dr. Jonas Bergstrom,
Fatima Al-Karim
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April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
REDEFINING GOVERNANCE: COMBATING LEADERSHIP Ahmed Boubacar Diallo,
FAILURE AND SYSTEMIC CORRUPTION IN POST- Fatoumata Aminata Diop,
INDEPENDENCE NIGERIA Ibrahim Musa Sani
THE CRISIS OF DEMOCRACY IN PAKISTAN: AN Ahmed Rashid
ANALYTICAL STUDY THROUGH ISLAMIC AND WESTERN Dr. Fatima Noor
PHILOSOPHICAL PERSPECTIVES Hassan Khalil
o TRANSFORMATION AND CHALLENGES IN NATIONAL ﬁé?raaF“:t??nrg‘:é’ﬁa':assa”
= LAND USE PLANNING SYSTEMS: A COMPARATIVE N
] PERSPECTIVE Assis. Prof_. Dr. Mohammad
[Tel a Reza Darvishi
©
P 1S
9 £
3:' w Somchai Srisai,
%) o THE IMPLEMENTATION OF ANTI-CIRCUMVENTION Lec. Naree Panya,
~ ) LEGISLATIONS IN THE THAI COPYRIGHT SYSTEM Ananya Nontawat,
j = Dr. Kittisak Jitpaisarn
X e
|2
g THE SUCCESS AND CHALLENGES OF EMBEDDING Dr. Sarah Williams,
< EVIDENCE-BASED RESEARCH METHODS IN POLICING Assis. Prof. Dr. Emma
INTERVENTIONS Davis
TAIWAN'S POLITICAL LANDSCAPE: THE RISE AND FALL Emily Williams, Robert
OF HAN KUO-YU IN KAOHSIUNG Johnson
Maria Linda Ana
INTELLECTUAL PROPERTY CHALLENGES IN SPACE Ungureanu
EXPLORATION: FOCUS ON EUROPEAN SPACE AGENCY Thomas Nikolaus Wagner
REGULATIONS Isabelle Veronique Dupont
Robert Heinrich Schmidt
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MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EVALUATION OF THE IMPLEMENTATION OF PUBLIC Olamide Oginni
EXAMINATION CHIEF EXAMINERS’ REPORTS IN Adeola Johnson
MATHEMATICS CURRICULUM CONTENT Chijioke Okafor
IMPLEMENTATION MECHANISMS OF CONTINUOUS Yelena Agranovich,
PROFESSIONAL DEVELOPMENT FOR EDUCATORS IN Larissa Ageyeva,
KAZAKHSTAN: A STUDY BASED ON THE "TEACHER" Violetta Tyan,
PROFESSIONAL STANDARD Aigul Syzdykbayeva
SKILL MISMATCH BETWEEN HEAVY EQUIPMENT E‘?Céigs';rkmh:z BT;ZE&%‘:‘P
REPAIRER STUDENTS AND EMPLOYERS' REQUIREMENTS : :
Dr. Bayarmaa Tsogtbaatar
e ASSESSING CHILDREN'S PROBABILISTIC AND CREATIVE | Maria Oliveira, Jodo Santos,
g THINKING IN A NON-FORMAL LEARNING CONTEXT Carla Almeida, Pedro Costa
© ®©
z s
- 3
;(' s APPLICATION OF CAUSAL INFERENCE AND DISCOVERY | |\ ooy
Py o IN CURRICULUM EVALUATION AND CONTINUOUS B Duagn g
~ g IMPROVEMENT
- =
3 S
T 3
X Roberto Merlo,
5 ATTITUDE OF UNIVERSITY STUDENTS TOWARDS THE Dr. Maria Gonzalez,
USE OF ARTIFICIAL INTELLIGENCE Zoila Rivero,
Dr. Laura Gonzélez
ENHANCING ONLINE EDUCATION IN ARABIC LANGUAGE ﬁéﬁgﬁ:ﬁ:{?l’klhami
TEACHING: CHALLENGES, OPPORTUNITIES, AND :
STRATEGIES Ahmed Al-Mansoori,
Khalid Al-Jabri
FUTURE PERSPECTIVES IN ARCHITECTURAL EDUCATION Jpjégiliraﬁgo*
IN PORTUGAL: REVOLUTIONIZING THE TEACHING Matia Silva
APPROACH FOR NEW GENERATIONS Pt Costa
STRENGTHENING ADULT EDUCATION TO END FEMALE . o
GENITAL MUTILATION AND ACHIEVE SUSTAINABLE \éfrirgfritg%’ﬁi'kgffmub;;a
DEVELOPMENT GOALS :
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MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
THE ASSOCIATION BETWEEN ADHD MEDICATION, g;crg'gast’fl‘;g Emily Dwyer,
CANNABIS, NICOTINE USE, MENTAL DISTRESS, AND Pl B%n Jentre
OTHER PSYCHOACTIVE SUBSTANCES : '
Lina Begdache
THE IMPACT OF LIFE MEANING ON ACADEMIC g?y;‘;‘tg;::"g;oa';?ﬁgm
PERFORMANCE AMONG JAPANESE COLLEGE STUDENTS | =7 ’
~ )
> § IMPROVING DECISION SUPPORT FOR ORGAN }:gémnpll\gccggloh,
3 Q TRANSPLANT Dr. David Stewart,
wn
5 o
~ >
| ©
- a EFFECTS OF GRATITUDE PRACTICE ON RELATIONSHIP Dr. Anomi Bearden,
% 5 SATISFACTION AND THE ROLE OF PERCEIVED Brooke Goodyear,
SUPERIORITY Dr. Alicia Khan
Assoc. Prof. Dr. Victoria S.
LOVE AND MONEY: SOCIETAL ATTITUDES TOWARD S:fer;zl%er B. Hookins
INCOME DISPARITIES IN AGE-GAP RELATIONSHIPS Dr. Emily M. Thgmas'
Samuel J. Richardson
MINDFULNESS-BASED INTERVENTIONS FOR ENHANCING | ¢ i\
SELF-ESTEEM AND PSYCHOLOGICAL WELL-BEING: o gRa Lol Rodrieucs
EXAMINING THE INFLUENCE OF CONTINGENT SELF- - ~aquel Rodriguez
ESTEEM Carvajal
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11 Nisan / April 11,2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ISLAMIC CIVILIZATION IN WEST AFRICA: THE ROLE OF
1 THE SOKOTO CALIPHATE IN SCIENCE AND TECHNOLOGY Mohammad Buba, Ibrahim
DEVELOPMENT Aliyu
TEACHERS’ PERCEPTIONS OF THE IMPACT OF
2 | TOBEPHOBIA ON JOB SATISFACTION AND EMOTIONS Kuame Mensah, Akosua
KNOWLEDGE MANAGEMENT FOR SUSTAINABLE
3 ENVIRONMENTAL MANAGEMENT IN HIGHER EDUCATION | Julian Vargas, Maria
INSTITUTIONS Gomez
© = META-TEACHING SKILLS AND IMPROVEMENTS IN
% 'g 4 CLASSROOM TEACHING QUALITY Zainab Haji, Faiza Amin
< S
5 Z
:II :E‘ THE ROLE OF STUDENT COUNSELORS IN PROMOTING
< 5 5 WELL-BEING AMONG SCHOOLCHILDREN IN THE MIDDLE Hassan Al-Farhan
T EAST
THE EFFECTIVENESS OF DRAMA-BASED LEARNING IN
6 FOSTERING CREATIVITY IN PRESCHOOL EDUCATION Michaela Novakova
PARENTS' PERSPECTIVES ON THE FUTURE OF
7 EDUCATION: A STUDY FROM CENTRAL EUROPE Lukas Svoboda
6
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Local Names And Uses Of Anchusa Azurea (Cow’s Tongue) Plant ; P
! Grown In The Pertek Region Of Tunceli ZILAN EYLEM ILMIN
’ A LOST HERITAGE IN GAZIANTEP CULTURE: SUPHA Sema Nurcan ATCI
TRADITION AND ITS SOCIAL FUNCTIONS v
3 The Sacredness Of Nature In Tunceli: Munzur Valley National Park | Yeliz ONAY
— 4 ISLAHCT HAKLARI: TURKIYE'DE FIKRI MULKIYETIN GOZ Eﬁg}c{’f‘éﬁrﬁg}{e“ ker
ﬁ ARDI EDILEN ALANI
— =)
zZ =
) s
;(' g TURKIYE’DEKI KIRSAL ALANDAKI GECIT HAKKI Dr. Osretim Cvesi ilker
P = 5 UYUSMAZLIKLARI: SOSYOLOJIK BIR DEGERLENDIRME KAR/%(%NDEE}{IGS ¢
: @ VE YAPISAL COZUM ONERILERI
_ ©
< S
T <
o Bayram KAYA
o . . O ST Mustafa KARAKAYA
6 Futbol Taraftarlarinin Siddetin Kaynagina Iliskin Goriisleri Elif AYDIN

Universite Ogrencilerinde Rekreasyonel Saglik ve Nomofobi: Bir Mustafa KARAKAYA

! Psikososyal Inceleme Bayram KAYA

8 OTORITENIN PSIKANALITiK TEMELLERI, SEKULERLESME %ﬁBE]élanggﬁLGiv AN
SURECI VE DONUSEN BABA TEMSILI SARI

9 ALBERT CAMUS VE VIKTOR FRANKL’DA OZGURLUK Kerim Mahir ALBAYRAK
KAVRAMI Dr. Ebru PEHLIVAN SARI
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
The Social and Spiritual Functions of the Naming Ritual in Tunceli . ;
! Alevi Belief and Culture Dilan SAHIN
2 A Purification Ritual In Tunceli Alevi Belief: Morning Prayer Sevcan OLMEZ
3 Women’s Coffeehouse/Local In Burmagecit, Tunceli Tansu Ozkan Aydin
<
o~ >
% § 4 Hizir Fasting In Tunceli: The Crossroad Of Faith And Culture Tansu Ozkan Aydin
- <
-
% 3
~ .
3 |8
< / 5 At The Heart Of Tunceli: A Center Of Faith - Gola Ceto And The Cennet CAVANA
T o Mystery Of Hizir
Q
6 ELAZIG YORESEL HALK OYUNLARI DILAN BULUT
Ali Umar
7 Dissosiyatif Bozukluklar: Cocukluk Cag: Travmalarmin Etyolojisi Giilsilan Belet
ve Norobiyolojik Rolii Bir Inceleme Caligmasi Ogr. Gor. Gizem Giilden
COCUK YOKSULLUGU: HAK TEMELINDE COK BOYUTLU o o .
8 BIiR DEGERLENDIRME Ogr. Gor. Sefa KAYA
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EGITIMDE VE AILEDE SIDDET OLGUSU: MESLEK LIiSELERI | Dog.Dr., ESRA
UZERINDE BiR INCELEME KARABAG KOSE
. o = . A s Dog¢.Dr., ESRA
LIDER OGRENCILER ICIN LIDER OGRETMEN OLMAK KARABAG KOSE
ILKOKUL VE ORTAOKUL BiR ARADA OKULLARDA OKUL | Okul Miidiirii, BAHAR
- MUDURLERININ KARSILASTIGI SORUNLAR KIZILKAYA
wn
©
e
™ ’%
% =) SANAT EGITIMI VE ETKINLIK TEMELLI DERS TASARIMI Ali Sait CELIK
o |2
5 |2
(92]
~
:,' é MESLEK LISELERINDE NEET, OKULDAN ERKEN AYRILMA | Dr. Ogr. Uyesi, CUMHUR
< fé VE BECERI UYUMSUZLUGUNA YONELIK OGRETMEN DEMIRALP
I T GORUSLERININ DEGERLENDIRILMES]
1
=
-3
_ ORTAOKUL OGRENCILERININ MATEMATIK OZ YETERLIK X%kssgl;ﬁ;agslg%renm’
ALGILARI ILE ELESTIREL DUSUNME EGILIMLERIT Prof. Dr.. KURSAT
ARASINDAKI ILISKININ INCELENMESI YENILMEZ
Dr. Ogr. Uyesi Giilsiim
PEER BULLYING IN EARLY CHILDHOOD: CAUSES, HOS
CONSEQUENCES, AND PREVENTION STRATEGIES Ars. Gor. Meryem Cemile
OK
THE EFFECT OF SPORTS AND MOVEMENT ON Ars. Gor. Meryem Cemile
CHILDREN’S PHYSICAL AND PSYCHOLOGICAL OK
DEVELOPMENT Dr. Ogr. Uyesi Giilsiim
HOS
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 4
Assoc. Prof. Dr. John Patrick Alvarado

DEVELOPMENT AND ACCEPTANCE OF A MODULE FOR
IMPROVING READING AND WRITING SKILLS IN
BAYBAYIN: A TRADITIONAL PHILIPPINE WRITING
SYSTEM

Maria Venus Solares,
Assoc. Prof. Dr. John
Patrick Alvarado

ACTIVE LEARNING STRATEGIES IN INFORMATION
SYSTEMS MANAGEMENT: STUDENT PERCEPTIONS AND
OUTCOMES

Francisco Castro Lopes,
Sofia Fernandes

THE IMPACT OF EMOTIONS ON STUDENTS' LEARNING
AND ACADEMIC PERFORMANCE

Shakirat Abimbola Adesola,
Shuaib Akintunde Asifat

STREET ART AS A TOOL FOR PROMOTING REFLECTIVE
THINKING IN EDUCATION: EXAMPLES OF CREATIVE
EDUCATIONAL APPROACHES

Georgia H. Mega,
Kleomenis Kostopoulos,
Rustam Obic

INTERDISCIPLINARITY IN PEDAGOGICAL PRACTICES:
CHALLENGES AND SOLUTIONS IN THE CLASSROOM

C. Oliveira, M. Silva, L.
Ferreira, R. Pinto

PROMOTING CREATIVE AND CRITICAL THINKING IN
MATHEMATICS THROUGH ORIGAMI

Shirinbekova Nigina,
Alimova Shamsiya

BLOCKCHAIN-BASED ASSIGNMENT MANAGEMENT
SYSTEM

Sai Asritha,
Kalyan Srinivas,
Somnath Chakravarthi
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
MOTIVATION TYPES FOR LEARNING ENGLISH: A STUDY ﬁﬁa’r‘]g?';t’ﬁ;f:t%'\'/g"*
AT A RURAL UNIVERSITY IN QUINTANA ROO, MEXICO ynar ~ :
Dr. Kamila Kassenova,
THE IMPACT OF POOR TEACHER-STUDENT Yenni Anggrayni, Dian
RELATIONSHIPS ON CHRONIC ABSENTEEISM IN Suryani, Rudi Hadi, Dr.
SECONDARY SCHOOLS IN WEST JAVA, INDONESIA Iwan Setiawan
APPLICATION OF EXTREME-BASED TEACHING MODEL IN f\;’gﬂztg‘gﬂnss';”r:th'
POST-SECONDARY ONLINE CLASSROOM SETTING: A Dr oo o
FIELD EXPERIMENT : ariguez,
Lec. Anna Williams
Sheel Chakraborty,
IMPACT OF NON-PARENTAL EARLY CHILDHOOD Assis. Prof. Dr. Rajeev
. EDUCATION ON DIGITAL FRIENDSHIP TENDENCY Verma,
o qE Aarti Kumar,
pd )
@) = hi dousi
?(I S STUDYING THE EFFICIENCY OF DIGITAL TECHNOLOGY IN thZriﬁnngeéaﬁuséahman
5 & ENHANCING ASSESSMENT METHODS IN HIGHER ! 19
hg 2 EDUCATION Dr. Tariq Hossain Khan
_ - Shamsul Alam Choudhury
O s
< Q
I =
a
IMPACT OF STUDENTS' PERCEPTION OF SUCCESS i“he”}f E;"% Mikaul
POSSIBILITY ON PERFORMANCE IN SUMMATIVE EXAMS Tglil‘a‘;v rot. Dr. Mikay
DIGITAL CONTENT STRATEGY: COMPREHENSIVE gﬁii‘gg Fj:szsl?eaqlia S:ikger'
EXAMINATION OF CRITICAL CONTENT ELEMENTS 1 VES » or.
Olufemi Isiaq
THE ROLE OF QUALITY CULTURE IN THE SUCCESSFUL Lec. Leonardo Mion, Sarah
IMPLEMENTATION OF QUALITY ASSURANCE SYSTEMS IN | Johnson, Dr. Maria Garcia,
HIGHER EDUCATION Ahmed Al-Rashid
SMART LEARNING ENVIRONMENT FOR MUSIC Konstantinos Sofianos,
EDUCATION Michael Stefanidakis
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
Emily Harrison, Dr.
THE IMPACT OF SLEEP ON SELECTIVE ATTENTION IN Michael Collins, Sophia
ADOLESCENTS Adams,
Prof. Dr. Daniel Wilson
THE ADOLSCENT VAPING CRISIS IN URBAN INDIA Arushi S. Goyal, Jo
Aggarwal,Dr. Ravi Jasuja
MODELING GENERALIZATION IN THE ACQUIRED Q?ﬁﬁ' E;"fl'a ?{i_ﬁﬂhawggoﬁ"
EQUIVALENCE PARADIGM WITH THE SUCCESSOR Dr Fa}]ad)fAI-Said Nourahy
REPRESENTATION ’ !
Al-Harthy
c
3
© = HARNESSING THE POWER OF LOSS: THE Dr. Alexandru Popescu,
% ; DISCRIMINATORY DYNAMICS OF NON-EMANCIPATORY Maria lonescu, Ms .Andrei
b > ORGANIZATIONAL IDENTITY Vasilescu, Elena Radu
< =
n [
g o
:|| — SUCCESS FACTORS IN PLAY-BASED INTERVENTION Assis. Prof. Dr. Shuaa A.
< D PROGRAMS FOR CHILDREN WITH DIVERSE ABILITIES: A Mutawally, Budor H. Saigh,
I S COMPARATIVE STUDY Dr. Ebtehal A. Mutawally
j—
o
THE SOCIAL DYNAMICS OF PANDEMICS: A CLINICAL 525“4122 TE;‘rNé’:g’i'\‘aJ hi
SOCIOLOGICAL ANALYSIS OF PRECAUTIONS AND RISKS P
Pham, Duc Hoang Le
TEACHING STRATEGIES AND BIAS TOWARD IMMIGRANT M. Pellerone, S. G. Razza,
AND DISABLED STUDENTS L. Miano,
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
STUDENTS' PERCEPTIONS OF SEEKING PSYCHOLOGICAL | D' Petra Gudelj,
ASSISTANCE Eva Frani¢,

Dr. Martina Kolega

CHILD ABUSE: EMOTIONAL, PHYSICAL, NEGLECT, .
SEXUAL AND THE PSYCHOLOGICAL EFFECTS: A CASE %‘gggeo'v/k AOT;;‘;HeDr'
SCENARIO IN LAGOS STATE, NIGERIA Yo A '
THE QUALITY OF PRIMARY CAREGIVING RELATIONSHIPS
BETWEEN ADOLESCENTS ORPHANED BY AIDS AND Assis. Prof. Dr. Mmapula
THEIR GRANDMOTHERS: INSIGHTS FROM STAKEHOLDER | Petunia Tsweleng
NARRATIVES

~ = SOCIO-DEMOGRAPHIC FACTORS AND POST-TRAUMATIC . -

% 3z STRESS DISORDER AMONG ADOLESCENTS EXPOSED TO fsﬁgggge“:'oucr"r" Dr.

Q S DOMESTIC VIOLENCE IN KENYA J

< (O]

N o

3 > Naoko Fujisaka

- a SOCIETAL INSIGHT INTO EMOTIONAL ABUSE: A o Tetsu‘ R ka

< o RETROSPECTIVE STUDY IN A JAPANESE PRIMARY - Tetsuy; '

T o) SCHOOL Haruto Yamamoto,

Dr. Akiko Sato

EXPLORING THE ROLE OF EROTIC TRANSFERENCE IN
THE DURATION OF PSYCHOANALYTIC TREATMENT: A
CASE STUDY

M. Javid, R. Hassan, J.
DeSilva

ENVIRONMENTAL PERCEPTIONS OF DEPRIVED CHILDREN
LIVING IN URBAN SLUMS: A STUDY IN PUNE, INDIA

Hrishikesh Purandare,
Ashwini Pethe

ADDRESSING GLOBAL TRAUMA: SOMATIC
INTERVENTIONS IN PTSD TREATMENT AND CLINICIAN
BURNOUT PREVENTION

Dr. Elena Markov, Prof. Dr.
Ivan Petrov,

Academy Global Conferences & Journals

UASIOURNAL

oo ACADEMY




 LONFEREY,
AR 5,

ACADEY,
&
o
Pl

www.akademikongre.org

MUNZUR 8th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025
TUNCELI

Meeting ID: 885 7151 8350 Passcode: 202224
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
A THEORETICAL FRAMEWORK FOR CUSTOMER
KNOWLEDGE MANAGEMENT IN EUROPEAN E- Lars Johansson, Caroline
COMMERCE Lindgren, Henrik Olsson
DEVELOPING A COMPREHENSIVE E-MARKET Carlos Gomez
FRAMEWORK USING INTELLIGENT AGENTS !
Laura Perez
A NOVEL METHOD FOR SELECTING COMPLEX GOODS IN Sofia Martins, Ricardo
ONLINE MARKETS L
Costa, Marta Oliveira
© - ANALYZING MIS DEGENERATION UNDER DYNAMIC . . .
z N N CONDITIONS: A MATHEMATICAL APPROACH Fatima Al-Mahdawi, Karim
O g o Al-Mansouri
< oo
(92] > ©
~ o 55
- el
| b= LEARNING MANAGEMENT LESSONS FROM CONTROL . . )
< S - SYSTEMS: A THEORETICAL APPROACH JSZ'IT:T']Z'da”' Rania Al
I

EXPLOITING SIP FOR ENHANCED MOBILITY IN MEDICAL
COMMUNICATION SYSTEMS

Mansur Zayed, Fakhruddin
Rashid, Jamil Al-Zahrani

COGNITIVE REPRESENTATION OF VALUES IN
ORGANIZATIONAL DECISION-MAKING

Kari Heikkinen, Dr. Markus
Virtanen, Dr. Liisa Aalto

EXPLORING THE USE OF SERIOUS GAMES IN SUPPORTING
AUTISTIC CHILDREN'S DEVELOPMENT

Afigah Rani, Nor Azura
Zainuddin, Farhan Salleh
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

METHODOLOGICAL AND CONTEXTUAL COMPARISON OF | Ms.C Student,

1 TWO WORKS DESCRIBING THE CONQUEST OF ISTANBUL | ABDULKADIR ASLAN
Research Assistant PhD
2 THE HUMAN ELEMENT IN THE BUYIDS ARMY Sevgi Kiibra BILGIN
1940-1945 YILLARI IKINCI DUNYA SAVASI DONEMI Meryem ERTAS
3 TURKIYENIN YASADIGI EKONOMIK SORUNLAR VE BU erye

SORUNLARA KARSILIK POLITIKA ARAYISLARI Prof. Dr. Halis OZER

HALL /SALON 1
Doc. Dr. Hac1 CICEK

4 An Evaluation on the Characteristic Features of the City Whose

People are Cruel (Surah Nisa 4/75. Verse Example) Dog. Dr. Hact CICEK

5 On the Prophets Praying with the Word ‘Our Lord’

(The Example of al-Nasafi’s al-Taysir fi’t-Tafsir) Dog. Dr. Haet CICEK
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 OGRENCILERIN CEVRE FARKINDALIK DUZEYLERININ Biisra ESEN
BELIRLENMEST Prof. Dr., Sevda BIRDIR

Ali Enes ADAK

2 ANKARA ERKEC PASTRAMI Dog. Dr. Yilmaz SECIM

9

Doktora Ogrencisi, Gamze DAGDEVIREN

KEVSER KAPLAN

3 AN OVERVIEW OF CATALHOYUK CULINARY CULTURE Dog. Dr. Yilmaz SECIM

HALL / SALON 2

Lisans Ogrencisi, Sevval
4 NEW TRENDS MICROGREENS AND MICRO SPROUTS KUCUK
Dog.D.,irfan YURT

ARTIRILMIS GERCEKLIK ILE ENTEGRE EDILMIS Doktora Ogrencisi, Gamze
5 SPORLAR: HADO ORNEGI VE GELECEGE YONELIK DAGDEVIREN
PERSPEKTIFLER Dog. Dr., Cumaali YAVUZ
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SANAT BAHCELERI KONUSUNDAKI AKADEMIK Z;ﬁ:ﬁﬁr%fgn;l? grencist,
CALISMALARIN BIBLIYOMETRIK BiR ANALIZi Prot Dr. Murat DAL
-
]
3 SCAMPER METODU KONUSUNDAKI AKADEMIK X;ls‘:fl];}};“y“szl? grencist,
= CALISMALARIN BIBLIYOMETRIK BiR ANALIZi Prot Dr. Marat DAL
=
© &
pd
O ! o
z:l K2 R Dog. Dr. Ogretim Uyesi,
) 2 GECICI SUREKLILIKTE MEKAN: URDUN-ZA’ATARI Senem KAYMAZ
~ v MULTECI KAMPI Yiiksek Lisans Ogrencisi,
:II ) Burcu KOROGLU
Q
< @
I s
»n . . . . . . . . . . . . . u 1 O 1S1
3 SURDURULEBILIRLIK LITERATURUNUN BIBLIYOMETRIK f“ksglﬁggag;ggrenm‘
e ANALIZI: SCOPUS VERILERIYLE AKADEMIK YAYINLARIN P‘g;‘ Dr. Murat DAL
2 NAL . Dr.
E EGILIM VE BULGULARI Og. Go. llhami AY
=
>
- . e : Yiiksek Lisans Ogrencisi
KULTUR VE SANAT LITERATURUNUN BIBLIYOMETRIK Tuva ERDOGAN
ANALIZI: SCOPUS VERILERIYLE AKADEMIK YAYINLARIN g,y a Gor. ilhami AY
EGILIM VE BULGULARI gr. Lor. Zhami
Prof. Dr. Murat DAL
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TWO EXAMPLES OF CHANGE IN PUBLICATION POLICY IN Dr. Osretim Uvesi. ihsan
LOCAL PRESS: FROM DEMOKRAT ERZINCAN TO HUR Giih’i & yest,
ERZINCAN, DEMOKRAT ILIC TO ILIC’IN SESI g
Dog. Dr., Ramazan ASLAN
TURKIYE’DE INSTAGRAM UZERINE YAPILAN Yiiksek Lisans Ogrencisi,
LISANSUSTU TEZLERIN BIBLIYOMETRIK ANALIZI Siileyman YETIS
i
=
=
o .
< = Dog. Dr. MEVLUT CAN
= b AESTHETICS OF LIFE IN PHOTOGRAPHY: JOSEF KOCAK
@) E KOUDELKA AND “GYPSIES/ROMA” Ogr. Gér. OLGUN KUCUK
- -
< Z
> |2
_I A .
T £ Dog. Dr. MEVLUT CAN
< ’5‘ AN ANALYSIS ON “SUICIDE NOTES” REFLECTED IN THE IgOCAK o
I )!50 MEDIA Ogr. Gor. OLGUN KUCUK
QO
=
=] o .
Ogrenci , NAZIK D. AL-
Dijital Olgunluk Caligmalarmnin Bibliyometrik incelemesi: Web of KHALDI
Science Verilerine Dayali Bir Degerlendirme Dr. Ogr. Uyesi, Meltem
ECE COKMUTLU
Yiiksek Lisans Ogr. Filiz
ISLAMI FINTEK ALANINDAKI AKADEMIK EGILIMLER: SEVER
BIBLIYOMETRIK BiR ANALIZ Dr.Ogretim Uyesi Meltem
Ece COKMUTLU
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S

'& .
o : ’ RUSSIA-CHINA RELATIONS: THE SHADOW OF FUTURE Yiiksek Lisans Ogrencisi,
prd = CONFLICT IN THE YIN-YANG BALANCE ILAYDA GULUMSER
O &3
- -
< 15)
%) g
~ =
j <
< 5 ) Yiiksek Lisans Ogrencisi,
I i 3 UN PEACEFORCE: BALKAN REGION ILAYDA GULUMSER

S

a

MAHMUT DIKERDEMIN GOZUNDEN ORTADOGUDAKI
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PARTICLE SIZE ANALYSIS OF ALLUVIAL GOLD ORE Dr. Olaniyi Awe, Adelana
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USING GAUDIN SCHUMANN METHOD Abraham Adeleke
REMOVAL OF DEPOSITS AND IMPROVEMENT OF SHELF
LIFE IN CO2-RICH MINERAL WATER USING OZONE- ;‘f]’a CJEﬁeKLiJr?]* ?g’r?” Choe
MICROBUBBLES 9 g
S MULTILAYER ADSORPTION AS A POSSIBLE TRANSITION | Viktor Heral,
© k) STATE IN HETEROGENEOUS HYDROGENATION OF C=C Dr. Natalia Ivanova,
> S DOUBLE BONDS Dmitry Kuznetsov,
o g Prof. Dr. Elena Vasilieva
_I (4]
< c
& = ATMOSPHERIC OXIDATION OF CARBONYL COMPOUNDS: | Olumayede Emmanuel
- R MECHANISTIC INSIGHT, KINETICS, AND Gbenga, Dr. Adeniyi Azeez
:(l 5 THERMODYNAMIC PARAMETERS Adebayo
s
p—
o Zhannat Karaulova, Assis.
BIOLEACHING FOR EFFICIENT COPPER ORE RECOVERY Prof. Dr. Dauren
Baizhigitov
SUPERCRITICAL METHANOL FOR BIODIESEL Or. Ahmed Hassan. Dr
PRODUCTION FROM JATROPHA OIL IN THE PRESENCE OF | - - THE?, Cassall, BF
HETEROGENEOUS CATALYSTS
TECHNO-ECONOMIC ANALYSIS OF DIMETHYL ETHER Wahyu Pamungkas,
(DME) AS A VIABLE ALTERNATIVE TO LIQUEFIED Riska Setyawati,
PETROLEUM GAS (LPG) Dr. Ahmad Rifai,
PHOTOCATALYTIC DEGRADATION OF HYDROCARBON
POLLUTANTS IN PRODUCED WATER USING AG-DOPED F'%TegrBéiﬁﬂ?ﬁE aAblsrsr?I‘;
TIO2 NANOPARTICLES -or. '
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ESTEEM Dr. Javier Lopez
BIFORMERDTA: STRUCTURAL EMBEDDING OF PROTEIN | Leila Baghaarabani, Parvin
IN DRUG TARGET AFFINITY PREDICTION USING Razzaghi, Mennatolla
BIFORMER Magdy Mostafa,
DECLEX-PROCESSING PIPELINE FOR TUMOR ggﬁ;‘é uSnTlgdg} ;.‘\""v;hara”
CLASSIFICATION Shirur, Ahmed Hambaba

~ N MICROFLUIDIC MANIPULATION FOR BIOMEDICAL AND ﬁ;ﬁ'ﬁépg'et\’/gf':feza

= o BIOHEALTH APPLICATIONS i 1563 A Givts]

9 S

< <

%) © loan D. Popescu

~ = MEDICAL IMAGE FUSION IN BIOMEDICAL ENGINEERING ; '

- 3 Elena M. lonescu,

- EDUCATION Al |

3 o exandru T. Vasile

T o

DEVELOPING OPTICAL SENSORS FOR CANCER
DETECTION USING ELASTIC LIGHT SCATTERING
SPECTROSCOPY

Ahmad Ali Khan,
Sara Mehmood,
Dr. Omar Zubair

ELECTRODERMAL ACTIVITY MEASUREMENT USING
CONSTANT CURRENT AC SOURCE

Cristian Chacha, Dr. David
Asiain, Jests Ponce de
Leén, Prof. Dr. José Ramén
Beltran

A NOVEL APPROACH FOR CORONARY HEART DISEASE
PREDICTION USING ECG SIGNALS WITH RESNET AND BI-
LSTM

Yang Zhang,
Jian He

MICROENCAPSULATION OF PROBIOTIC: EVALUATION OF
VIABILITY AND CYTOTOXIC ACTIVITIES OF ITS
POSTBIOTIC METABOLITES ON MCF-7 BREAST CANCER
CELL LINE

Nkem Victor Enwuru, Bola
Nkeki, Emmanuel Adebayo
Adekoya, Olumide Adebisi
Adebesin,
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PROMOTING ENTREPRENEURIAL THINKING THROUGH
© = UNIVERSITY TRANSFORMATION: THE CASE OF SWEDEN Lena Persson, Erik Olsson
P S
- =
< )
&S ©
: % THE EFFECT OF GENDER ON STUDENT PERFORMANCE IN Assis. Prof. Dr. Mava Earah
| '% STATISTICS COURSES IN LEBANON ' - Dr- May
<
I =

THE IMPACT OF SOCIAL MEDIA ON LEARNING IN HIGHER
EDUCATION: A STRATEGIC APPROACH

Aminata Diop, Idriss Bah

ENHANCING TEACHER PROFESSIONAL DEVELOPMENT: A
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Chinonso Okoro, Fatimah
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zerinden pegeriendirme ODABASI
2 NOMOPHOBIA IN HEALTH WORKERS Ass. Prof. GOKHAN

TASKIN

>
— ] e 8 :
> & 3 SINIRDA YASAMAK: ACIL TIP HEKIMLERINDE %‘ng}z Uyesi Ramazan
o) (3 TUKENMISLIK SENDROMU
|
< g
213
~
- O AILE SAGLIGI MERKEZI CALISANLARININ SAGLIKTA Nedim ERSOY
% i 4 SIDDETE MARUZ KALMA DURUMLARI VE ILETISIM Niliifer YILDIRIM
a BECERILERININ BELIRLENMESI
UNIVERSITE CALISANLARINDA KARDIYOVASKULER )
5 HASTALIK RiSK FAKTORLERI BILGI DUZEYININ Salmfze ’XEBIEE\?LCIN
BELIRLENMESI Hiuter
6 EFFECT OF INDIVIDUAL DIGITAL TECHNOLOGY USE ON Aras. Gor. Dr., SEMRA

SYMPTOM MANAGEMENT IN ONCOLOGY PATIENTS SEYHAN SAHIN
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L Herzogiella seligeri (Brid.) Z.Iwats’m TAKSONUNUN PDr(‘:Qf' g;' {\fe"lfzh‘é :ﬁﬁzTAS
GLUTATYON ICERIKLERI SAHILLE
Brachythecium rutabulum ve Barbilophozia barbata (Bryophyta) Prof. Dr. Mevliit ALATAS
2 TURLERININ GLUTATYON ICERIKLERININ Dog. Dr. Yeliz CAKIR
§ KARSILASTIRILMASI SAHILLI
2
&
~ 2 JUJUBA FRUIT EXTRACT MODULATES IMMUNE GIZEMAY EREN
> @ 3 RESPONSE IN GALLERIA MELLONELLA BY UPREGULATING | TULAY TURGUT GENC
@) E GALIOMYCIN EXPRESSION
|
S <
%
~ z
- z SILYBUM MARIANUM MEYVESININ AVRUPA Dog. Dr. Fatma AYAZ
< = 4 FARMAKOPESI’NE UYGUNLUGUNUN Damt Qasim Hasan
I 2 DEGERLENDIRILMESI HAMZAWI
L
5
o) AN EVALUATION OF RAINBOW TROUT (Oncorhynchus Umut Barig NIZAM
K 5 mykiss) AQUACULTURE FACILITIES IN ANTALYA IN Dog. Dr. Bilge KARAHAN
=] TERMS OF ENVIRONMENTAL AND MARKETING KEMERLIOGLU
CONDITIONS
Dr. Ogr. Uyesi Isil SARAC
SIVRIKAYA
ANTIFUNGAL ACTIVITY OF Heracleum platytaenium Boiss. Dog. Dr. Abdullah
6 ESSENTIAL OIL AGAINST Pestalotiopsis theae GULLER
Dr. Ogr. Uyesi Bekir
TOSUN
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Hyperparameter Optimization for Machine Learning-Based loT

1 Failure Prediction: A Comparative Analysis of Grid Search and Assistant Professor Dr.

Random Search Techniques OZLEM BATUR DINLER
KESIRLI MERTEBEDEN BLACK-SCHOLES DENKLEMININ Ayse OZCIFTCI

2 CONFORMABLE LAPLACE AYRISIM METODU ILE Pr?fe Dr. Ozan OZKAN
COZUMU UZERINE - Pr B

Dr., Nurdan YENIAY

™ HYBRID SIRALI KUME ORNEKLEMESI ALTINDA KOCER

% 3 NADARAJAH-HAGHIGHI DAGILIMININ Dr. Or. Uyesi, Hasan

2:' PARAMETRELERININ TAHMIN{ HUSEYIN GUL

w

~

_I s

- POWER RAYLEIGH DAGILIMININ PARAMETRELERININ Egcl\é‘gdan YENIAY

< 4 MAKSIMUM SIRALI KUME ORNEKLEMESINE DAYALI A

I TAHMINi Dr. Ogr. Uyesi, Hasan
HUSEYIN GUL

UTILIZING THE DETECTION OF PROMPT INJECTION Dog.Dr. Canan BATUR
5 ATTACKS IN A LARGE LANGUAGE MODEL SAHIN

Assistant Professor Dr. OZLEM BATUR DINLER

Dr, KASHIF ALi ABRO

KESIRLI TUREVLER YARDIMI ILE Dr. AHMET YILDIRIM

BUYUK MEMBRANLARIN TITRESIM ANALIZI UZERINE
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HALL / SALON 4
Prof. Dr. Aydin BUYUKSARAC

FARKLI RENKLI PERLITLERIN GENLESEBILIRLIGININ
KARAKTERIZASYONU

REMZI ATIK
PROF. DR. MUSTAFA
CINAR

GARBAGE CLASSIFICATION USING A VIT-BASED DEEP
LEARNING MODEL

Dr, Yusuf CELIK

BETON VE DONATI KOSULLARININ TASIMA GUCU ETKISI
UZERINE BiR CALISMA

Dog. Dr. Fatih AVCIL
Prof. Dr. Ercan ISIK
Prof. Dr. Aydin
BUYUKSARAC

YERRADARI (GPR) YONTEMI ILE ZEMINLERDE RiSK
BELIRLENMESI: CANAKKALE ORNEGI

Prof. Dr. Aydin
BUYUKSARAC
Dog. Dr. Fatih AVCIL
Prof. Dr. Ercan ISIK

AN OBSERVATIONAL STUDY ON THE MAINTENANCE
STATUS OF TRAFFIC SIGNS IN RURAL AREA

Dr. Ogr. Uyesi Ayse UNAL
Yasemin OYSAL
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SUSTAINABLE MANUFACTURING OF SOLENOID VALVE Hisham Cabemaiwai,
1 HOUSING IN FIJI: FUSED DEPOSITION MODELING AND Assis. Prof. Dr. Prasad
EMERGY ANALYSIS Dauvakatini,
OPTIMIZATION OF CONSTRUCTION PRACTICES: .
2 IMPLEMENTATION OF MODERN WORK MODULES TO Egg;?ﬁﬁ"mrﬂfgg Helmus
INCREASE ATTRACTIVENESS FOR EMPLOYEES '
3 USE OF SEISMIC ISOLATION SYSTEMS IN HIGH-RISE Emre Bakkaloglu, Dr. Nisa
HOSPITAL BUILDINGS: A HYBRID APPROACH Torunbalcl
=
D
>
S EEFE Anuoluwapo S. Taiwo,
o CT OF AGRICULTURAL WASTE AS AFILLER INFIBRE | [J. o' Ayre
I 4 CEMENT BOARD REINFORCED WITH NATURAL Mortezs Khorami
© CELLULOSIC FIBRES '
< Sameer S. Rahatekar
o (@)
Z e
@) = IN-PLANE SHEAR TESTS OF PREFABRICATED MASONRY Erdem Fehlin
?EI g 5 PANEL SYSTEM WITH TWO-COMPONENT Dr. Peter Ca g\'Ne"
) — POLYURETHANE ADHESIVE : P
~ @©
— g
- ]
e L
T o 6 IDENTIFICATION OF IMPACT LOADS AND SYSTEM Xuewen Yu,
e PARAMETERS USING 1D-CNN Danhui Dan
kS
S
[a
g CONSIDERING THE EFFECT OF SEMI-RIGID CONNECTIONS | Assoc. Prof. Dr. Farzad
2 7 IN STEEL FRAME STRUCTURES FOR PROGRESSIVE Karimi Ghaleh Jough,
< COLLAPSE Dr. Mohammad Soori
DECISION SUPPORT STRATEGIES FOR MODULARIZATION | Bat-Erdene Nyamsuren,
8 IN ENGINEERING CONSTRUCTION: CASE STUDIES IN OIL, | Tungalag Batbold,
GAS, AND POWER PLANTS Chuluunbaatar Enkhbaatar
o NUTRIENT CONTENT AND LABELING STATUS OF PRE- g”ﬁf;gm;'i”ﬂﬁzmi'\é"“f
PACKAGED BEVERAGES IN SAUDI ARABIA ! A '
Algahtani
10 FLOATING OFFSHORE WIND: A REVIEW OF Alex P. Crowle, Michael J.
INSTALLATION VESSEL REQUIREMENTS Stewart, William T. Carter
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ANALYSIS OF NOODLE PRODUCTION PROCESS AT YAN Rhadinia Tavag-Relanes
HU FOOD MANUFACTURING: BASIS FOR PRODUCTION Eolina YO{”? '
IMPROVEMENT - Young
BIOACTIVITY OF PEPTIDES FROM TWO MUSHROOM Assis. Prof. Dr. Parisa
SPECIES Farzaneh, Dr. Azade Harati
(e}
pa
9
< THE IMPACT OF NUTRITION EDUCATION ON THE
% ADHERENCE TO THE MEDITERRANEAN DIET AND gzz:‘é':}?#sapé’?“gv%ﬁf'
3 SUSTAINABLE EATING HABITS AMONG UNIVERSITY Dt Ahrrad fairt g’i o
| STUDENTS ' ! ’
<
T
ANTIMICROBIAL ACTIVITY OF A GREEN SYNTHESIZED ﬁfg’l’llhBaﬁ’aéerlféeefza
DRUG SUPPLEMENT: NUTRITION BIO-SHIELD SUPERFOOD |t it =
PRODUCTION AND CHARACTERIZATION OF LACTOSE- Shahram Naghizadeh
FREE YOGURT USING MEMBRANE TECHNOLOGY AND A Agl hooeh
MODIFIED MILK PROTEIN CONCENTRATE ' 9
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EXPLORING THE POTENTIAL OF INTEGRATING
= BLOCKCHAIN, CLOUD COMPUTING, AND ARTIFICIAL H::‘W'zr‘:osnﬁa'\‘a%“ye”'
g INTELLIGENCE IN ENHANCING DATA EXCHANGE WITHIN Qinghao Zeng !
'S CONSTRUCTION SUPPLY CHAIN MANAGEMENT 9 9.
N~
z |z
= g John Carlos Kuri
S g FLUOROMETRIC APTASENSOR: EVALUATION OF :SS’;C Egrgi D‘ﬁ”\'/amn
- o STABILITY AND COMPARISON TO STANDARD ELISA L T
. Vijay,
- [T ASSAY
?(I o Dr. Raymond James Turner,
T o
[&)
% Azadeh Vaziri, Reza
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BARLEY GERMINATION AND GROWTH PERFORMANCE Mohammadi, Samira
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OZET

Talasli imalat operasyonlarinda ve kesme isleminde sicaklik ve takim asinmasi arastirma
konulart olan bagliklar arasinda en ¢ok yer alan konulardandir. Arastirmalarda ve
uygulamalarda farkli sekillerde sogutma islemleri uygulanmaktadir. Talas alma isleminde en
yiiksek sicakliklar takim talas ara yiizeyinde olusmaktadir. Sicaklikla birlikte kimyasal
etkilesimler meydana gelmekte ve takim iizerinde farkli siirtiinme kaynakli asinmalar
olusmaktadir. Sonucta da takim korelerek 6mriinii tamamlamaktadir. Bu nedenle takim talas
ara ylizeyindeki bir iyilestirme direkt olarak takim omriine etki ederek kesme performansini
arttiracaktir. Bu ¢aligmadaki amag sicakligin en fazla oldugu takim talas ara yiizeyine sogutma
islemi uygulayarak siirtiinmeyi azaltmak ve buna bagli olarak sicaklik artisini engellemeye
yonelik bir uygulama yapmaktir. Boylece bu sogutma yonteminin, takim omriinde ve talas
morfolojisindeki etkilerini incelemektir. Bu amaca yonelik HSS bir takim iizerindeki talas acist
ylizeyinde 1 mm ¢apinda delik delinerek, bu delikten 25 bar basingla sogutma suyu jetting
sogutma yontemiyle talas takim ara ylizeyine uygulanmistir. Klasik jetting sogutma yontemi ile
caligmadaki sogutma yonteminin takim omrii bakimindan etkileri karsilastirmali olarak
incelenmistir. Calismada DNMG 150604 formunda HSS malzeme kesici takim kullanilmistir.
Jetting sogutma yontemi i¢in ayri bir basinghi sogutma tinitesi ve sistemi kurulmustur. Farkl
deney parametreleri ile her iki yontemdeki bulgular degerlendirilmistir. Sonug olarak ¢alismada

uygulanan sogutma yonteminin takim émrii agisindan olumlu sonuglar tirettigi tespit edilmistir.



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My £

8
onmsn®

Anahtar Kelimeler: Triboloji, Jetting sogutma, Takim asinmasi
1. GIRIS

Talasli imalat yonteminde minimum maliyetle ve istenilen kalitede bir parca elde etmek 6nemli
bir husustur. Uretim asamalar1 arasindaki endiistride yaygimn olarak kullanilan tornalama
yontemi, imalat siire¢lerinden en 6nemlileri arasindadir. Tiim {iretilen parcalarin kalitesini
etkileyen parametrelerden biri, tornalama yontemi ile meydana gelen son pargalarin kalitesidir.
Bu sebeple, her bakimdan parcalarin iiriin kalitesini yiikseltmek zorunluktur. Islenebilirligi zor
olan parcgalarin talag kaldirma yontemi ile islenmesi, minimum igleme zamaninda ve en az
isleme basamagi uygulanarak imal edilmesi, kaliteli ve verimli bir par¢a ve bununla birlikte
par¢a ylizeyinin elde edilmesi Onemlidir [1]. Modern imalat yontemlerindeki ilerleme
nedeniyle, daha hizli ve daha kaliteli {irtinler iireten sistemler kullanilmaktadir. CNC tezgahlari,
yiiksek kesme hizlarinda ve ilerleme degerlerinde iiretim ve isleme kapasitelerine sahiptirler.
Takim imalat¢ilar1 ve bilimsel Ar-ge calismast yapan kisiler, malzemelerin verimli bir sekilde
islenebilmesi i¢in imalat sonuglarinin dogru sekilde tahmini i¢in takim geometrisi ve
malzemelerinin gelistirilmesine odaklanmaktadir [2].

Talag kaldirma yonteminde kesici takimin dogru secilmesi iiretim verimliligi ve maliyetleri
acisindan dnemlidir. Dogru kesici takim se¢ilmis olmasi durumunda dahi, kesme islemleri i¢in
kesme parametrelerinin de dogru belirlenmesi verimliligin saglanmasi anlaminda 6nemlidir [3].

Talasli imalat yontemi ile islemede uygulanan sogutma yontemleri arastirildiginda, jetting
yontemi olarak isimlendirilen yiiksek basingta sogutma suyu piiskiirtme yontemi ve minimum
miktarda yaglama (MQL-Minimum Quantitiy Lubrication) yOntemi olarak isimlendirilen
aralikli ve piilverize sekilde sogutma suyu veya kesme yaglari piiskiirtme yontemleri ¢oklukla
uygulanmaktadir. Kesme sirasinda talas takim ara yiiziinde ve takim {izerinde sicakligin en
yiksek oldugu bolge, takim talas ara yiizii olarak adlandirilan ikinci kesme bolgesinde
olugmaktadir. Sirtiinmenin en yogun olmasi nedeniyle bu bdlgedeki yiiksek sicakliktan
kaynaklanan takim aginmalari1 cogunlukla olusmaktadir. Olusan sicaklik takimin bu bolgesinde,
1000-1200 °C’lere kadar gikabilmektedir. Bu nedenle ikinci kesme bélgesinin dogru ve etkin
bir sekilde sogutulmasi, takim 6mrii, elde edilen talagin morfolojisi ve tribolojik anlamda en
anlamli miidahale anlamina gelecektir. Diger sogutma yontemlerinde, ikinci kesme bolgesine,
sogutma elemaninin (sivi/hava/gaz) direkt olarak ulagsmadigi, bu bdlgenin adeta etrafindan
dolanarak sogutma isleminin yapildig: goriilmektedir. Bu nedenle siirtiinmenin ve sicakligin en
yliksek oldugu ikinci kesme bolgesine direkt olarak uygulanabilecek sogutma yontemlerinin
gelistirilmesi bilyiik 6nem arz etmektedir.

Geleneksel sogutma yontemlerine ilave olarak sonralar1 gelistirilen MQL yontemi oldukca
yaygin olarak kullanilmaya baslanmistir. Bu yontemde hem esas kesme bdlgesine direkt
piiskiirtme, hem de daha az sogutma sivisinin kullanimi avantajlart elde edilmis ve hemen
hemen tiim malzeme cinslerinin islenmesinde aktif olarak kullanilmis ve sonuglari
arastirllmistir. Sreejith (2008) tarafindan AA6061 aliiminyum malzeme islenmesinde [4],
Kishawy ve arkadaglar1 (2005), A356 aliiminyum kaynaginin islenmesinde [5], Braga ve
arkadaslar1 (2002), aliiminyum-silisyum alagimlarinin islenmesinde [6], MMY yontemi ile
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farkli sogutma yontemlerini karsilastirmislardir. Tiim c¢alismalarda MMY yonteminin diger
sogutma yontemlerine gére sonug parametreleri tizerinde (takim asinmasi, ylizey piirtizliliigi,
kesme giicii vb) daha iyi sonuglar verdigi gozlemlenmistir. Ayni amagla ¢elik malzemelerin de
islenmesinde sogutma yontemleri birbirleriyle kiyaslanmistir [7-11]

Diger sogutma yontemleri arasinda, son yillarda gelistirilen kesici takim veya takim tutucu
icinden agilan kanal veya delikler yoluyla, piiskiirtmeli sekilde yapilan sogutma yontemleri 6n
plana ¢ikmistir. Takim i¢i sogutma yontemi olarak ta anilmaktadir. Bu sistemlerin takim talas
ara yliziindeki sicakligi diisiirdiigii ve takim omriinii arttirdig: tespit edilmistir [12, 13, 14],
titanyum alasiminin takim i¢i sogutma yontemi ile islenmesinde sicakligin %67 oraninda
diistiigiinii tespit etmiglerdir. Ayni sekilde ylizey piirtizliiliigiiniin de bu yontemde azaldig1 tespit
edilmigtir. Oliveira ve arkadaglar1 [15], takim i¢i sogutma ile ilgili kesici iizerinde talas takim
ara yiiziine delik agmis ve siiper martenzitik paslanmaz c¢eligi islemislerdir. Hava, sivi, hava
jeti, s1v1 jeti gibi farkli sogutma cinsi kullanilan deneylerde takim i¢i sogutmanin etkili oldugu
goriilmiistiir. Bu calismada ayrica talas morfolojisi de incelenmis, tirtikli talag olusumu da
ayrica arastirllmistir. Aym sekilde Sirin de yaptig1 [11] benzer calismada yeni sogutma
tekniklerinden ii¢ farkli teknigi kullanarak (hBN, CO2 ve hBN+CO2) 1.4534 paslanmaz
celigini tornalamiglardir. %0,6 hacimce orana sahip nanopartikiil katkili saf sogutma yagi
karigimi, diger sogutma yontemleri ile karsilastirilmistir. MQL yontemi kullanilmistir.

Ikinci kesme bolgesine direkt olarak uygulanabilecek sogutma ydntemlerinin avantajina binaen
yapilan bu ¢alismada, takim talas yiizeyi lizerindeki ikinci kesme bolgesine, 1 mm ¢apinda bir
delik delinmistir. Elde edilen delik i¢inden yiiksek basingta sogutma suyu gecirilerek daha etkin
sogutma iglemi uygulanmis, siirtinme bu yolla diisliriilmiis ve siirtiinme kaynakli olusan
sicaklik daha etkin sekilde bertaraf edilmistir. Basin¢li sivinin elde edilmesi i¢in devir daim
ozelligi olan bir sistem olusturulmustur. Endiistride kullanilan jetting yontemi sogutma
ozelligine sahip bir kater ile saglanan sogutma yontemi ile bu calismadaki gelistirilen takim i¢i
sogutma yontemi, isleme uzunluklar1 bakimindan karsilagtirilmastir.

2. MATERYAL VE METOT

2.1. Kesicinin Hazirlanmasi, Takim Tutucular ve Deney Diizenegi

Deneylerin yapilmasinda M35 (ASTM A600) HSS malzemeden kesiciler kullanilmis olup bu
kesiciye ait kimyasal kompozisyon Cizelge 1’de verilmistir.

Cizelge 1. M35 HSS celigi kimyasal icerigi

ASTM 600 C Mn P S Si Cr Vv Mo w

0,82- | 0,15- 0,20- 3,80- 1,75- 4,75- 5,50-
M35 0,95 0,40 0,03 0,03 0,45 4,50 2,15 5,25 6,50
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Kesiciler CNMG 120408 formunda kesilmistir. Distan jetting yontemi ile sogutma yonteminde
kullanilacak HSS kesicilerin talas ylizeyinde 7 derecelik talas derinligi ve delik delme islemi
olmadan, i¢ten sogutma yonteminde kullanilacak HSS kesiciler i¢in ise 70 derecelik talas agis1
verilmis olup takim talas yiizeyinde 1 mm’lik delik delinmistir. CNMG 120408 formundan

farklh olarak ug radiisii kullanilacak kesicide verilmemistir. Ug ile ilgili teknik resim Gorsel
1’de goriilmektedir.

Deliksiz kesici (distan sogutma) Delikli kesici (igten sogutma)

Gorsel 1. Kullanilan CNMG 120408 formlu kesici dl¢ii ve sekilleri

HSS kesici uga talas acis1 agilmasi verilmesi islemi alet bileme tasi ile yapilirken, kesici talag
ylizeyine delik delinmesi islemi ise CNC isleme merkezi tezgdhinda yapilmistir (Gorsel 2).

Baglama kalibi

Baglama kalibi

Talas acis1 agilmasi

Hazirlanan deliksiz kesici ug (distan sogutma i¢in) Hazirlanan delikli kesici ug (igten sogutma igin)

Gorsel 2. Kesici imalati icin islemler ve elde edilen kesici uclar
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Tiim islemleri bitmis ve hazir hale getirilen CNMG formlu kesiciler jetting sogutma 6zelligine
uygun TCLNR 3232 P12-H koduna sahip AKKO marka kater iizerine monte edilmistir.
Sogutma yontemi olarak iki farkli yontem secilmistir. Birinci yontemde katerdeki kesici sikma
pabucu i¢inden (Gorsel 3, 2. ¢ikis deligi) ve kater yan kenarindaki ¢ikis deliginden (Gorsel 3,
1. ¢ikis deligi) jetting yontemi ile basingli sogutma sivisi kullanimi yontemidir. Bu yontem
calismamizda distan jetting sogutma yontemi olarak adlandirilmustir. Ikinci ydntemde ise
birinci yontemdeki basingli sogutmaya ilave olarak takim talas yilizeyinde acgilan bir delik ile
(Gorsel 3, 3. ¢ikis deligi) yine jetting yontemi ile sogutma seklidir. Bu yontem de ¢calismamizda
icten sogutma yontemi olarak adlandirilmigtir. Deliksiz (distan sogutma i¢in) kesici uglar i¢in
kater lizerinde herhangi bir iglem yapilmamasina karsin, i¢ten sogutma icin kullanilacak ve
takim talas ylizeyine 1 mm ¢apinda delik delinmis kesicilerdeki agilan delige, sogutma sivisinin
ulasabilmesi i¢in kesici altlik kismina ayr1 bir kanal agilarak kater i¢ginden sogutma suyu yolu
acilmistir (Gorsel 3).

2 ¢tkig deligi

3 gikag deligi
2.¢tkug deligi

Sadece C ve D yonlennde jetting ile C.D veE yonlerinde stvi jetting ile
50 D 5

tma yapilmakta sogutma yapilmakta

Katerici akis _
~ yolan

)

Basinch zk{é}gili’ a
hortumu ve

kater
baglantist

Distan Jetting ile sogutma sivi akig yollart Icten sogutma yonteminde siv1 akis yollar:

Gorsel 3. Sogutma yontemlerine ait kater iizerine ac¢ilan sivi akis yollar ve ¢ikis delikleri

Hem icten sogutma yonteminde hem de distan jetting yonteminde kesici ve kater lizerindeki
cikis deliklerine 25 bar basingta sogutma sivist pompalanmistir. Bunun i¢in bir pompa {initesi
kurulmus ve devirdaim sistemi ile sogutma suyu tekrar tekrar kullanilmigtir. Basingli s1v1 elde
etmek icin kurulan sistem Gorsel 4’te gosterilmektedir.
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Gorsel 4. CNC Basinch akiskan birimi elemanlari, basin¢ degeri ve sivi ¢ikisi

Tiim deneylerdeki talagl imalat islemleri, SMARC marka CAK6166B X200 model CNC torna
tezgahinda yapilmistir. Deneylerde kesme yagi olarak Coldex marka TE 210 ES model sentetik
standart bor yag1 kullanilmistir. Bor yagin kimyasal 6zellikleri olarak, gortiniisii sar1 renkte, %
5’lik emiilsiyon ile siit beyazi rengine donmektedir, pH (% 5’°lik emiilsiyon miktarinda) degeri
8.00-8.50, yogunluk 1.00 gr/ml ve viskozitesi 14 cSt seklindedir. Su ile 1/20 oraninda
karistirilarak emilsiliyon hazirlanmis ve kullanilmastir.

2.1. Deneysel Tasarim ve Islem Parametreleri

Tiim deneylerde L9 ortagonal deney tasarimi referans alinarak kesme hizi ve ilerleme degeri
olacak sekilde 2 farkli islem parametresi ve bu parametrelere ait her bir parametre icin 3 seviye
belirlenmistir. Cizelge 2’de deneylerde uygulanacak islem parametreleri (faktorler) ve bu
faktorlere ait seviyeler verilmektedir. Her 9 deney distan jetting sogutma ve icten sogutma
yontemi uygulamasinda yapilmis, boylece toplamda 18 deney yapilmistir.

Cizelge 2. Deney tasarimi ve islem parametreleri

Parametre Seviye 1 Seviye 2 Seviye 3
Kesme Hiz1 (m/dak) 30 50 75
Ilerleme (mm/dev) 0,05 0,075 0,1




iR
A LORFERER
5 v,

,

ACADE

My 03

8
onmsn®

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

www.skademikongre.arg

Sogutma Y ontemi Distan jetting Icten sogutma
Paso sayisi 2
Isleme Ortami

Emiilsiyon olarak hazirlanmig bor yagi

Her bir sogutma yonteminde yapilan 9 deneyde kullanilan parametreler ve bu parametrelerin
deneylerdeki dagilimi Cizelge 3’te gosterilmektedir.

Cizelge 3. Deney parametreleri

Deney sira no Kesme Hiz1 (m/dak) Ilerleme (mm/dev)

1 30 0,05

2 30 0,075

3 30 0,1

4 50 0,05

5 50 0,075

6 50 0,1

7 75 0,05

8 75 0,075

9 75 0,1

Tiim tornalama islemlerinde deney numunesi AISI 1020 ¢eliginden secilmistir. AISI 1020
celigi diisiikk karbonlu bir ¢elik tiirii olup siinek olarak kabul edilebilecek sertlikte bir ¢elik
cinsidir. Bu malzemeye ait kimyasal ve fiziksel 6zellikler Cizelge 4’te verilmektedir.

Cizelge 4. AISI 1020 celigi kimyasal kompozisyonu ve fiziksel 6zellikleri

Kimyasal kompozisyon

Malzeme C% Si% Mn% P S Cr Mo Ni
0.22- 0.15- 0.50-
AlSI 1020 0.25 0.40 0.80 0.01 0.01 0.01 0.05 0.01
Fiziksel ozellkler
Cekme dayanmimi (Mpa) Akm?'\g gg‘ fm % Uzama Sertlik (HB)
380-420 165-205 15-25 100-120

Tornalamada kullanilan AISI 1020 ¢eliginden deney numuleri 40 mm c¢apinda ve 100 mm
boyunda secilmis, talas derinligi olarak sabit 3 mm olacak sekilde 85 mm boy ve 2 pasoda
tornalanmistir (Gorsel 5). Tornalamada kullanilan AISI 1020 ¢eliginden deney numuneleri 40

mm ¢apinda ve 100 mm boyunda secilmis, talas derinligi olarak sabit 3 mm olacak sekilde 85
mm boy ve 2 pasoda tornalanmistir (Gorsel 5).
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Gorsel 5. Tornalanacak is parcasi ve dlgiileri

3. BULGULAR VE TARTISMA
3.1. Distan Jetting Sogutma Yéntemi ile Yapilan Tornalama Islemleri

Bu tez ¢aligmasinda, segilen iki farkli sogutma yonteminden ilki olan distan jetting yontemi ile
yapilan tornalama islemlerinde elde edilen is pargalarinin tamam ile ilgili parga resimleri

Gorsel 6’da goriilmektedir. Parcalarin islenmesinde talas derinligi 3 mm ve 2 pasoda islenecek
sekilde CNC programi olusturulmustur.

Gorsel 6 incelendiginde 1, 3, 5 ve 6 no’lu deneylerde is par¢alarinin tamamen islendigi, 2, 4 ve
7 no’lu deneylerde birinci pasonun islendigi ancak ikinci pasonun tamamlanamadigi, 8 ve 9
no’lu deneylerde ise birinci pasonun tamamlanamadig1 goriilmektedir.

/
|

1 nolu deney

2 nolu deney

3 nolu deney

4 nolu deney 5 nolu dene

y - 6 nolu deney

7 nolu deney

8 nolu deney 9 nolu deney

Gorsel 6. Distan jetting yontemi ile yapilan deneylere ait elde edilen parca resimleri
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Benzer sekilde isleme parametrelerine bagli olarak kesicilerle ilgili takim deformasyona
ugrayana kadar veya tam isleme yapilabilmisse buna ait islenen isleme uzunluguna ait toplu
degerler Cizelge 5’te gosterilmistir.

Cizelge 5. Distan jetting sodutma yontemi ile elde edilen isleme uzunluklar:

~ ~ ~
X ‘= =< = =< =
‘SAE “AE NAE
S| 2 g S| 2| E = 2| g
5 = @ =l @
ol H = = ol ~ = = ol ~ = =
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> 2| E = = 2 § = =~ 2| § =
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g = 3 5 = 2 g = 2
~{ IR g | = M| =
o o v o | oo
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[Te) 7o) [Te)
o N o K| o© O <
2| M o 5| WY o 1 8| ™~ o
o o o
| N | ©
3 ol 8 6 ol 5 9

Cizelge 5°teki degerler incelendiginde tiim degerlere ait elde edilen isleme uzunluklari ile ilgili
grafiksel gosterim Gorsel 7°de gosterilmistir.
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Gorsel 7. Distan jetting sogutma yonteminde isleme uzunluklarinin parametrelere gore degisimi

Gorsel 7 incelendiginde kesme hizinin en yiiksek degeri olan 75 m/dak degerinde tam isleme
uzunlugu olan 170 mm degerine ulasilamadig1 goriilmektedir. Bu nedenle HSS tipi kesici i¢in
75 mm/dak kesme hizi degerinin uygun olmadig1 anlagilmaktadir. 30 m/dak kesme hizinda
genellikle yatay bir egilimin oldugu goriilmekte, diisiik kesme hizi ile birlikte isleme
uzunluklarinin birbirine yakin oldugu gézlenmistir. 30 m/dak kesme hizinda ilerleme degerinin
etkisinin minimum oldugu goriilmektedir. Bu nedenle bu kesme hizinda isleme zamani
bakimindan en yliksek ilerlemelerde isleme yapilmalidir. 50 m/dak kesme hizindaki isleme
uzunluklar1 degerlendirildiginde ise ilerleme artis1 ile isleme uzunlugu arasinda lineer bir artis
yoniinde iliskinin oldugu goriilmektedir. Genel bir perspektif ile grafik degerlendirildiginde ise
hem takim 6mrii hem de isleme uzunluguna bagli olarak isleme zamani yoniinden en iyi
sonuglarin, kesme hizinin 50 m/dak ve ilerlemenin 0.1 mm/dev degerinde (6 no’lu deney) elde
edildigi gortilmektedir. 30 m/dak degeri ile 50 m/dak degerlerinde benzer sonuglar goriilmesine
karsin isleme zamani yoniinden degerlendirildiginde 50 m/dak kesme hizinda isleme yapmak
daha elverigli olarak goriilmektedir. Cizelge 5’teki kesici asinma durumlari incelendiginde ise
birinci ve yedinci birinci ve yedinci deneye kadar kesicilerde asmmalara bagli olarak
korelmelerin meydana geldigi, sekizinci ve dokuzuncu sekizinci ve dokuzuncu deneylerde ise
kesicinin deformasyona ugrayarak kesme 6zelligini tiimiiyle yitirdigi gériilmektedir.

3.2. Takim Talas Yiizeyine icten Jetting Sogutma Yontemi ile Tornalama Islemleri

Takim talas yiizeyine takim i¢inden agilan bir delik ile sogutma sivisi gondererek sogutma
isleminin gerceklestirilmesi olarak tanimlanabilecek igten sogutma yontemi ile yapilan
tornalama iglemlerinde, elde edilen is pargalarinin tamamu ile ilgili parca resimleri Gorsel 8‘de
goriilmektedir. Parcalarin islenmesinde distan jetting yontemi ile karsilastirma yapmak
amaciyla ayni parametreler kullanilmig ve talas derinligi olarak 3 mm seklinde 2 pasoda
islenecek sekilde CNC programi olusturulmustur.

10
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1 nolu deney | 2 nolu deney 3 nolu deney

4 nolu deney 5nolu dehey 6 nolu deney

it T Suns
7 nolu deney 8 nolu deney 9 nolu deney

Gorsel 8. icten sogutma yontemi ile yapilan deneylere ait elde edilen parca resimleri

Gorsel 8 incelendiginde 5 ve 9. deney harig tiim parcalarin iglendigi goriilmektedir. Burada 5.
deneyinde kesme parametrelerinden daha ¢ok parca i¢indeki bir siireksizlik veya sert tabakaya
denk gelinmesi veya rijitlik, takim tutucusundaki bir problem gibi bazi farkli nedenlerden
olustugu kanaatindeyiz. Daha yiiksek kesme degerleri olan 6, 7 ve 8. deneylerde herhangi bir
problem yasanmamasi boyle bir kanaatin olusmasi yoniinde fikir olugturmaktadir.

Icten sogutma yontemindeki isleme parametrelerine bagli olarak, kesicilerin degerlendirilmesi
noktasinda elde edilen isleme uzunluklarina ait toplu degerler ise Cizelge 6’da verilmektedir.

Cizelge 6. icten sogutma yontemi ile elde edilen isleme uzunluklar

— — —
ﬁf\E “AE “AE
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Cizelge 6’daki degerler incelendiginde tiim degerlere ait elde edilen isleme uzunluklar ile ilgili
grafiksel gosterim Gorsel 9°da gosterilmektedir.
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Gorsel 9. i¢ten sogutma yonteminde isleme uzunlarinin parametrelere gore degisimi

Cizelge 6 ve Gorsel 9 dikkate alindiginda, igten sogutma yonteminde 9 no’lu deney harig tim
deneylerde isleme yapildigi, takim Omriiniin islemin sonuna kadar siirdiigii gortilmektedir. 9
no’lu deneyde, kesme hizi ve ilerleme hizinin artma ile takimin deformasyona ugradigi ve
bundan dolay1 ve bundan sonra kesme 6zelligini yitirdigi goriilmektedir. Ancak distan jetting
yonteminde Cizelge 6’da da goriildiigii lizere isleme uzunlugu 32 mm iken igten sogutma
yonteminde bu deger 50 mm’ye ¢ikmistir. Distan jetting yonteminde 2, 4, 7, 8 ve 9 no’lu
deneylerde par¢anin tamaminin islenememesine karsilik i¢cten sogutma yonteminde 9 no’lu
deney haricinde tiim parcalar igslenmistir. Takim asinma miktarlar1 yoniinden karsilastirma
ileriki sayfalarda ayrica yapilacaktir. Eldeki verilerden de anlasilacag: iizere, i¢ten sogutma
yontemi, distan piiskiirtme yontemine gore daha iyi sonuglar tiretmistir.

4. SONUC VE ONERILER

Her iki sogutma yontemi uygulanmis pargalarin tornalanmasi ile ilgili ulasilan sonuglar
asagidaki sekildedir:

e Icten sogutma yontemi ile daha uzun isleme uzunluklari elde edilmistir.

12
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Distan sogutma yontemi ile 7 parca islenebilirken, igten sogutma yonteminde 8 parca
islenmistir. Islenmeyen parcalarda ise igten sogutma yonteminde, takim kdrelmesine kadar
daha fazla isleme uzunlugu elde edilmistir.

Distan jetting yoluyla sogutmada hem takim 6mrii hem de isleme uzunluguna bagl olarak
isleme zamani yoniinden en iyi sonuglarin, kesme hizinin 50 m/dak ve ilerlemenin 0.1
mm/dev degerinde elde edilmistir.

Igten sogutma ydnteminde 9 no’lu deney hari¢ tiim deneylerde isleme yapildigi, takim
Omriiniin igslemin sonuna kadar siirdiigii goriilmiistiir.

Icten sogutma yontemi ile ilgili yapilan degerlendirmeler ve ulasilan sonuglar agisindan,
sonraki c¢alismalarda arastirmacilarin asagida belirtilen alanlarda bilimsel c¢alismalar
onerilmektedir:

Takim i¢ine thermocouple takilarak sicaklik degisimleri gozlemlenebilir ve icten sogutma
yonteminin farki bu anlamda daha derin analiz edilebilir.

Talag yiizeyi lizerine kesici kenar boyunca birden fazla delik acgilarak, daha derin talasg
derinlikleri ile islemler tekrarlanabilir.

Stinek ve sert malzeme iglemelerindeki igten sogutma yonteminin etkileri incelenmelidir.
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USE OF THERMOELECTRIC MODULES iN PHOTOVOLTAIC PANEL PASSIiVE
COOLING SYSTEMS
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Abstract

In this study, the use of thermoelectric or peltier modules in cooling studies carried out to
prevent efficiency decreases caused by high temperatures on photovoltaic panel surfaces or to
improve panel electrical efficiency has been investigated. Research on the use of thermoelectric
modules to increase panel electrical efficiency is basically carried out in two branches. The first
of these is to obtain additional electricity from the panel by using panel heat and to increase the
final electrical efficiency of the panel, and the second is to cool the panel by using a portion of
the electricity obtained from the panel in the module. In both cases, there is the advantage of
using 100% solar energy. It is also necessary to clarify which type of use of thermoelectric
modules is more effective in increasing panel electricity. In the light of current studies, the
advantages and disadvantages of these types of use, as well as the application methods,
difficulties, cooling performances, and efficiency increases provided by these modules in panel
cooling have been investigated and evaluated.

Keywords: TEC, TEG, Thermoelectric generators, Photovoltaic panels, Cooling

1. INTRODUCTION
In renewable energy applications, solar energy is widely used within the scope of PV and PV-
T integrated systems. Efforts to increase the efficiency of these technologies, to complete their
deficiencies, and to make improvements continue in different subjects. Studies on both thermal
storage and increasing electrical energy in PVT systems, and studies on increasing electrical
efficiency in PV systems continue. Among these studies, passive cooling systems in particular
are in more research demand because they do not require additional energy[1]. In PVs, the
temperature increase parallel to the radiation falling on the panel surface negatively affects the
electrical energy production efficiency of the cells. Panels normally operate at the maximum
efficiency when operating under standard test conditions (STC). However, as the panels heat

up, they move away from the standard test conditions of 25°C and their efficiency decreases as
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they move away from this condition. When temperatures rise to 80-110°C, the panel life is
negatively affected. In this respect, it is extremely important to keep the panel temperature
below 110°C. For every 1°C temperature increase in the panels, the panel output power
decreases by 4-5%][2]. In this respect, one of the most popular techniques among the various
cooling techniques investigated is passive cooling methods. The cooling systems that stand out
in photovoltaic panel passive cooling systems are PCM material cooling[1], cooling with
Thermoelectric Modules (TEM/TEC/TEG), thermoelectric cooling or hybrid cooling systems
that combine these[3]. When thermoelectric modules are used in PV panels as either
thermoelectric coolers (TEC) or thermoelectric generators (TEG), energy waste can be
prevented and PV efficiency can be increased. According to studies where additional electricity
is obtained by using TEG in PV panels, it has been stated that these panels have become much

more efficient than standard panels [4].

If thermoelectric modules are used as coolers (TEC), they consume some electrical energy and
cool the PV panel with the peltier effect. As a result of this cooling, an increase in panel
electrical efficiency can be achieved. However, the final electrical efficiency of the PV-TEC
system should be evaluated by taking into account the amount of electricity consumed by the
TEC module. These modules can provide both panel temperature reduction and additional
electricity production thanks to the TEG by using their ability to generate electricity between
two environments with a AT temperature difference between them with the Seebeck effect[5].
With PV-TEG systems, panel efficiency is increased as the panel temperature is reduced and
electrical energy is obtained from the panel heat [6]. More studies on PV-TEG systems can be

found in review studies [7].

Since the individual efficiencies of PV and TEG systems are low, the efficiencies of PV-TEG
systems are not actually very high [6]. However, it is understood that their efficiency is higher
than that of PV panels alone [8]. Especially in concentrated panels that concentrate the sun's
rays at a focal point, higher temperatures occur, so TEG modules can operate at higher
efficiency if appropriate cooling is provided[9]. PV-TEG and PV-TEC applications are limited
due to integration, design and cost issues [10]. However, they have advantages such as being
simple, small, having no moving parts, low maintenance costs, etc. PV-TEG systems have the
advantage of providing alternative clean and higher efficiency energy, as well as having zero

pollution factor, zero noise and minimum maintenance cost during their working processes[11].
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In the hybrid PV/PCM/TEG designed passive cooling system, the maximum panel temperature
was reduced by 9.28°C, and an efficiency increase of 9.69% was achieved compared to the
reference panel. It was stated that TEGs used together with PCM increased the panel electricity
production compared to using only PCM. It was emphasized that the use of thermal paste
between the PV panel and TEG modules significantly affected the results. The PCM effect was
prominent in both the reference panel and the panel using TEG[3].

In this study, literature research has been conducted on the cooling of photovoltaic panels with
thermoelectric coolers (PV_TEC) and their other derivatives. The generation of electricity using
photovoltaic panel temperatures (PV_TEG) and hybrid systems (PV_PCM_TEG,
PV_PCM_TEC) created by using PCM materials for this thermoelectric cooling or electricity
generation. Different scenarios in PV-TEG systems are extremely important for finding a more
sustainable system. The research has been examined in terms of the pros, cons, application
methods, and difficulties encountered in application of these systems.

2. THERMOELECTRIC MODULES

TEG consist of a large number of P and N polar semiconductors as shown in the Figure 1. As
a result of the current passing through two different semiconductor material connections, one
of the materials cools down while the other heats up, which is known as the Peltier effect. On
the other hand, the reverse of this event is also possible. In other words, current passes through
two semiconductor materials connected in series with a temperature difference between them.
This is called the Seebeck effect of the thermoelectric material[12]. In TEGs, the heat
transmitted from the hot side to the cold side is transferred by the Thomson effect. The heat
absorbed from the cold side by the Thomson effect is emitted from the hot side. Electric current
passes through the N and P conductors due to the temperature difference AT between the hot
and cold ends (Figure 1).
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Figure 1. a) Heat absorption and dissipation by Thomson effect in TEG module consisting of many N and P semiconductors
[13], b) TEG electrical circuit and electrical conduction [6]

Thermoelectric modules suitable for use in PV panels are generally modular based on Bismuth
telluride. The fact that these modules are easily available in the market and their temperature
range are also ideal for these applications. Some common thermoelectric modules known as

Peltier in the market are given in Table 1.

TABLE 1. DIFFERENT THERMOELECTRIC MODULES (PELTIER) AND THEIR PROPERTIES

PRODUCT TEC1  TECI TEC1 TEC1 TEC1
TYPE 12703 12704 12705 12706 12708
OPERATION TEMP.(MAX) 200 200 200 200 200
(°C)

POWER(MAX) (W) 26.7 35.6 44.5 53.3 711
TEMP. DIFF(MAX) (°C) 68 68 68 68 68
MAX. VOLTAGE (V) 15.4 15.4 15.4 15.4 154
MAX. CURRENT(A) 3 4 6 8

3. PV-TEG MODULE APPLICATION METHODS

PV panels use solar radiation to convert photon energy into electrical energy. However, the
panels also store heat energy [14]. This reduces panel efficiency and shortens panel life when
panel temperatures are high enough. Panel electrical efficiency can be increased by using TEG
modules that can generate electricity from this heat energy, and their life can also be extended
since they also provide cooling. When TEG operate between two different temperatures with
the Seebeck effect, they generate electricity in proportion to this temperature difference. By
taking advantage of this situation, the hot side of the TEG modules comes into contact with the
heated back surface of the panel, while the surface that needs to be cooled comes into contact

with the cooling fin or other cooling medium (Figure 2)[15]. In this way, additional electricity
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can be produced from the panel by using PV panel heat with the help of TEG [16]. Bjerk and
Nielsen mentioned that in a PV panel where 145 W of energy is produced, 4.4 W of energy is
produced by the TEG module. This actually shows that 3% of the total energy produced is
produced by the TEG module. On the other hand, the same study also pointed out that only
1.84% of the total energy produced in the PV-TEG system is produced by the TEG module[17].
In addition to these low efficiencies, there are also studies that have obtained significant high
efficiency results. For example, while the efficiency of PV alone is 16.5%, the total efficiency
is 22.02% in the PV + TEG system, at a temperature difference of 11.6°C, the minimum
efficiency value of TEG is stated to be 6.61%][18]. It is stated that if TEG modules are used for
the purpose of generating electricity in PV panels, the final efficiency increase of the panel will
be between 3% and 14% [14, 18-20].

Glass cover

Heat sink

A[15] B[14]

Figure 2. Electricity generation from panel heat using TEG modules[14][15]

In general, PV-TEG system efficiency depends on the PV panel and TEG efficiencies and can
be expressed with equation 1 and equation 2. TEG module efficiencies can generally vary
between 4-10%. The power produced by the TEG varies depending on the temperature
difference at the two connection points and the load. The maximum TEG power is obtained
when the load resistance is equal to the internal resistance[21]. The maximum efficiency of
TEGs expressed as Carnot efficiency in Equation 3. The total energy obtained from the PV-
TEG system is equal to the sum of the individual energies of the PV and TEG as in Equation 1
or 2. The Carnot efficiency that can be obtained in a TEG system is directly proportional to the
temperature difference between the hot and cold connections of the module, and inversely

proportional to the temperature of the hot side of the module[17]. From Equation 3, it is
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understood that as the hot source temperature to which the TEG modules are exposed increases,
their efficiency will actually decrease.

Epv-TeG = Epv + ETEG (1)
nev-tec = Mpev + nrec (1- npv) (2
TNcarnot = AT/Th (3)

It is understood from literature research that TEG module efficiencies are generally below 4%
or 5%. Babu and Ponnambalam obtained a maximum efficiency of 5.3% at 3.7 Q load resistance
for the TEG modules they selected in their study. It was mentioned that the PV-TEG electrical
efficiency was 4% higher and the corresponding panel temperatures were reduced in the case
of 1000 w/m? irradiance[14]. Therefore, with the effective use of these modules, both additional
electricity is provided and PV panel efficiency increases due to the cooling of the panel.
Although the efficiency of these modules is low, it is stated that when used with PV panels and
a suitable cooling method, they significantly increase panel efficiency. In a sample study, 50
TEG modules placed on an aluminum sheet plate reduced the panel temperature from 67 °C to
44 .4 -C, resulting in a 31.66% energy gain[22]. In this study, TEG modules were cooled with
water. In this study, a total of 20.21 W of electrical energy was obtained, 17.81 W from the
panel and 2.4 W from the TEG module. Thus, 11% of the energy produced belonged to the
TEG module. In such a study, even if the final efficiency of the PV-TEG increases, there is a
significant electricity consumption for the pump used. Although active cooling is a
disadvantage, it has been said that if proper active cooling is done, it will positively affect the
efficiency of the PV panel by 10%[10].
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Figure 3. Active cooling PV-TEG system [21]
In another PV-TEG study where 32 thermoelectric modules were used and the TEG system was

cooled with tap water, the PV-TEG panel power was 25.4, while the PV panel power was
20.9W(Figure 3). It was mentioned that as the panel temperature value changed, a 27%
efficiency increase was observed in the PV-TEG system [20]. In the PV panel study where TEC
modules were partially (case a) and fully charged (case b), 4.46-6.23% higher electrical

efficiency was achieved for case b.(Figure 4) [23].

b Solar Cell

- ~ o — P — " 9 Glass ® E"A ‘ ! /n ‘,’
R e e e e e EVA + Tedlar
Glue . TEC ‘,e NOY ‘ ‘,AV‘,,

~,-.;,,E %ﬁw\

(b) opaque PV-TEC collector partially covered with TEC without air duct
(Brec = 0.4324; my = 0; Ty = T,) [case (a)]
k AN A

e Solar Cell

Glass + EVA
EVA + Tedlar
TEC

Glue

(c) opaque PV-TEC collector fully covered with TEC without air duct
(Btec = 1; my = 0; Ty = Tp) [case (b)]

Figure 4. Partial (case a) and complete (case b) filling of PV panel with TEG [23]

There are studies that even mention that it is possible to increase the efficiency of solar cells by
30% using TEG systems. The use of TEGs can also be beneficial in space platforms that collect
energy through photovoltaics. However, such platforms are exposed to high temperatures due
to their proximity to the sun. In concentrated panels that concentrate the sun's rays at a local
point, higher temperatures occur. In such applications, if there is a TEG suitable for working
under the relevant conditions, TEG modules can operate at higher efficiency if appropriate
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cooling is provided due to high temperatures[9]. However, TEG modules are currently being
produced that will withstand temperatures of 200°C or perhaps up to 750°C. However, future
NASA solar cell uses for such applications are still being discussed[24]. In the study where the
use of PV-TEG systems as the primary power source in satellites is aimed, the PV-TEG system
was investigated numerically and experimentally. It was stated that the solar cell efficiency of
PV-TEG modules could be increased by 21.9% if an insulating material with very low thermal
conductivity (such as k = 0.01 W/mK) was used instead of the ceramic (Al.Oz3) or graphite
substrate used in the TEG module structure [24]. It has been added that the use of ceramic and
graphite materials in TEGs will not be suitable for space research. The most important situation
that draws attention in this study is that there is no significant change in TEG efficiency for k
values of 10, 1, 0.5, 0.1, while in the case of using k = 0.01 material, the PV_TEG system
efficiency has increased significantly.

4. COOLING METHODS IN TEG SYSTEMS

Since the electrical efficiency obtained from TEG systems is closely related to the temperature
difference between the hot and cold surfaces of these modules, it is important to cool the
relevant modules well. Natural air cooling[25], forced air circulation cooling[26], forced water
cooling[10], phase change material cooling[27], cooling with the help of heat pipes[28] are the
types of cooling. Among these cooling types, forced cooling types have the disadvantage of
causing additional energy consumption such as fan pump, while the efficiency of natural
convection cooling is very low (Figure 5). For cooling with phase change material, it is
necessary to determine the material melting point, material amount and application location

well.

[~ Natural air
| heatsink :
/— Force air
" heatsink

A

loe]

Figure 5. a) natural air heatsink, b) Forced air heatsink[29] and aluminum fins

In order to emphasize the cooling effect, the voltages of the PV-TEG without cooling, with
graphite sheet and fins are 0.727 V, 0.889 V and 1.476 V, respectively. With the use of graphite
sheet, an increase of 0.241 V was achieved for a temperature of 3.92 °C, and with the use of

22



L CONFERER,
5 Yo

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

P«W«Df”
'e,
&
onrene

www.skademikongre.arg

fins, an increase of 0.749 V was achieved, resulting in a voltage that is 1.78 times higher, thanks
to the temperature difference increased by 5.96 C [30]. Both graphite and aluminum fins
increased the performance of the TEG module. Graphite sheet has the advantage of being lighter
and cheaper than aluminum fins, while aluminum fins have the advantage of having a more

effective cooling capacity than graphite sheet (Figure 6).

s 2 |

B

Common Output terminals of

Figure 6. a)TEG without cooling[30], TEG with grafit sheet only[30], c) TEG with heat sink[30]

One of the cooling methods of TEG modules is water or a recirculating cooling fluid, if there
is an active cooling fluid without requiring additional cost. The previously purchased PV/T-
TEG system can be given as an example. As seen in the related figure, cold water can be
provided to cool the TEG modules thanks to a water pump that already exists in the PV/T
system [31]. In applications where TEGs are cooled with water, although TEG efficiencies are
higher, the use of pumps for water circulation causes additional energy consumption. If there is
already a water-cooled system such as internal combustion engine vehicles, the advantage of
water cooling in such systems is beneficial as it does not require additional energy. However,
in solar panels, this method is not clear whether it is sustainable or economical, as it requires
additional energy and makes the system more cumbersome. However, such active cooling is

possible at lower costs when water-circulating systems such as PV/T are available (Figure 7)
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Figure 7 PVIT —-TEG systems [31]
PVIT collectors produce both electrical and thermal energy using solar energy. The PV panel

is cooled by taking the heat of the PV/T panel through a cooling liquid. In this way, the electrical
efficiency of the cooled panel is also increased. An intercooler fluid such as water is circulated
to cool the TEG modules, thus heating the water. In this way, since the active cooling of the
TEG modules is provided, efficiency values can also be increased. In a study conducted on
PVI/T, it was mentioned that the system efficiency would increase by 10-20% and the overall
system efficiency would increase by 40-50%][31]. Since the active cooling of TEG modules
significantly increases efficiency, it is clear that using TEG modules in PV/T systems is more
important in terms of efficiency than using them in PV panels, and more effective systems will
be provided. Since cooling of TEG modules in PV/T systems is easier, the application of TEG

modules in these systems is also easy.

5. ANALYSIS OF PV/PCMI/TEG RESEARCH

The important passive cooling method for PV panel efficiency increases is the PCM method.
PV/PCM/TEC applications are important in this respect (Figure 8, Figure 9). It is clear that
TECs using PCM provide higher power output than those without PCM, and similarly, panels
using PCM provide higher power than those without PCM. In this respect, in addition to PCM
applications, there are also applications investigated as PV-TEG-PCM [32].
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Figure 8. a) Side and, b) top view of the actual design of PV/PCM/TEC system, ¢) PV/TEC system, d) TEC and aluminum
block for PCM[32].

In Figure 8, it is stated that in the study where PCM was used as a heat sink between PV and
TEG, the panel temperature was reduced from 74.43 °C to 53.72 °“, and the electrical power
increased by 100% and the efficiency increased by 1.38% [33]. It has been stated that panel
efficiencies increased by 15.88%, 16.2% and 16.42% for wind speeds of 1 m/s, 2 m/sand 3 m
/'s. Although it is said that electricity is produced at least during the night with the energy stored
in the PCM in such a system, the situations where the PCM is right behind the panel need to be
analyzed thoroughly. Indeed, if the heat in the PCM modules between the PV and TEG modules

is not completely released, this can cause the PV panel to remain hotter than it should be for a

long time, resulting in less electricity production [27].

Hot air S

mm= Reflector
Glazing cover

- PV
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Figure 9. In PV-TEG-PCM system, PCM is used between PV and TEG [27]
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Khan et. al. (2024) used a PCM filled aluminum block between the PV panel and the TEG
module as seen in the figure. It is seen that the cooling of the TEG module is left to the natural
ventilation of the environment[32]. In this study, according to the results of experiments carried
out with PCM having a melting point of 40°C for 6-7 hours, the panel temperatures for
PV/PCMI/TEC, PV/TEC and PV were measured as 45.70 °C, 48.45 C, and 49.71 °C,
respectively. It has been stated that if PCM maintains its temperature above 40 °C for more than
3—4 hours in the temperature range of 28.8 °C - 33.2 °C, it has a negative effect on the PV panel
temperature. Indeed, although the ambient air cools, the panel temperature remains high due to
PCM. According to the one-day data obtained, temperature decreases of 9.28 °C and 5.20 -C
were provided for PV/PCM/TEC and PV/TEC, respectively. The maximum average power for
PV/PCM/TEC was 5.98, the relevant reference power was 5.4W; For PV/TEC, 5.52 W and the
corresponding reference power was measured as 5.37 W. Thus, a power increase of 9.20% and
1.61% was achieved for PV/PCM/TEC and PV/TEC compared to the reference PV panel,
respectively.

The study where CO> was used within the scope of efficiency increase studies in PV-TEG
systems also draws attention[33]. In this study, it was stated that the reason for using CO2 was
the greenhouse gas effect and heat production on the hot side of the TEG module. In this respect,
as seen in the figure, various CO2 gas gaps were used before the TEG modules. While visible
rays are converted into electrical energy during the solar radiation conversion phase, invisible
rays are either scattered or absorbed along the panel. With the CO2 used in the module in this
study, these invisible rays are converted into thermal energy. In the presence of these invisible
rays, COz gas creates vibration. Glass and CO: layers create a greenhouse effect inside the panel
and as a result, a large amount of heat is produced inside the panel. TEG modules located
between CO; and heat emitters can capture this heat and produce electricity (Figure 10). Dark
blue and black panels available in the market facilitate the absorption of solar radiation and its

conversion into heat [33].
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Figure 10. Using CO2 gas to increase efficiency in PV-TEG system [33]

6. TEG MODULE ELECTRICAL CONNECTIONS IN PV-TEG SYSTEM

By connecting multiple TEG modules in series, high voltage can be achieved, and by
connecting them in parallel, current can be increased. However, in PV-TEG research, TEG
modules are usually connected in series to keep the voltage amount high. There are also studies
that record open circuit voltage and short circuit current data[22, 34]. In the system where 196
TEGs were used together with 2 100W PV panels, cooling was provided by natural convection
using cooling fins. The study, in which all TEG modules were connected in series, was carried
out in Malaysian climate conditions in March 2021. In the study, an average efficiency increase

of 13.69% was determined on sunny days, 1.75% on rainy days and 1.26% on cloudy days [35].

DC to DC converters, which are developed to maximize energy in systems that produce DC
voltage such as PV panel systems, wind turbines, and TEG modules, are needed (Figure 11,
Figure 12). DC converters were originally developed to reduce or increase DC voltage or to
change the voltage amplitude. In TEG systems, DC DC converters are used to connect the
circuit to the load, increase the voltage, and change the voltage amplitude. In some studies, full
bridge converters that convert DC power to AC power are also used [36].
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Figure 11. a) Booster DC converter circuit (Booster), b) DC to AC full bridge converter [36]

In PV-TEG systems, as seen in the figure, TEG and PV are connected separately to a DC-DC
boost converter and converted with the help of an inverter that converts DC to AC before going

to smart meters or loads [13, 36]. Series connection of TEG modules is generally preferred as
it provides higher efficiency in PV-TEG systems.
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Figure 12. Block model diagram of PV-TEG systems [36]
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7. THERMAL RESISTANCE IN MODULE APPLICATIONS

In PV-TEG designs, the effect of thermal resistances on electricity production is significant. In
PV-TEG systems, one thermal resistance is between the PV-TEG and the other is between the
cold side of the TEG module and the surrounding environment. In order to provide more
electricity production from TEG modules, it is extremely important to keep both thermal
resistances low and thus to provide high transmission coefficients. Indeed, the roughness on
both the module and panel surfaces causes the contact to be air-gapped. Air-gapped contact
significantly reduces the heat transmission coefficient. The transmission coefficient of air
(0.026 W/mK) is almost four times lower than the transmission coefficient of metals. This

increases the thermal resistance at the contact points and significantly reduces the system
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efficiency and performance [37-39]. For this purpose, various thermal interface materials (TIM)
are suggested to fill the gaps and reduce thermal resistance. It is understood that the main
thermal interfaces used in the literature are adhesives, gels, nanocarbon adhesives, thermal
grease, Epo-tek, Pyrolytic graphite sheet (Figure 13). Generally, the thermal pastes used are
expected to have high heat transfer coefficients and low viscosity and adhesiveness to keep the
modules on the surface. In the case of gel use, an efficiency increase of 1.24-2.85% was
determined [40]. In another study, it was stated that the results of the adhesive using thermal
grease and nano composite mixture as intermediate adhesive provided a 16% increase in

efficiency compared to the results using only grease [41].

A) A)
60 0.08 -
—+—Conductive adhesive T S »— Conductive adhesive
Gel

Natural air cooling | Gel Natural air cooling
55 — Hybridized nanocarbon paste 0.07 —— Hybridized nanocarbon paste
——Thermal grease ——Thermal grease
Epo-tek 0.06 Epo-tek
+ Pyrolytic graphite sheet (Parallel) Lo - Pyrolytic graphite sheet (Parallel)
< Pyrolytic graphite sheet (Bent) B s = E 0.05 < Pyrolytic graphite sheet (Bent)

PV Temperature [°C]
£ I3 ']
(=] o (=]
.\\
\
\
\
\
\
\
TEG Power

W
o
\
\
\
\

-

0.01 T e

R e e e
25 F———p—-
200 300 400 500 600 700 200 300 400 500 600 700

Solar irradiance [W/m?] Solar irradiance [W/m?]

Figure 13. different thermal paste affect [12]

Thermal paste materials such as thermal grease, gel and carbon paste, when exposed to high
temperatures for a long time, their structures deteriorate and their properties decrease or
disappear. Contact thermal resistance is directly proportional to the thickness of the material
and inversely proportional to thermal conductivity. Thermal resistances used in research are
generally in the range of 1x107¢ —5x107* m? K/W [42]. In this respect, the selection of materials
with high thermal conductivity and as thin as possible will reduce thermal resistance. In this
respect, research on pyrolytic graphite sheets (PGS) with high thermal conductivity coefficients
such as 1600 W/m.K and thin layers such as 25-um is also ongoing[29].
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Although different uses of suitable thermal pastes are being investigated to improve heat

transfer at the PV-TEG interface and the cooled interface of TEGs, since the existing thermal
pastes are pastes developed for the purpose of cooling computer processors, the bonding
properties of these pastes are not as good as their conduction coefficients. In this respect, their
active use in PV-TEG applications is almost non-existent. It is envisaged that other alternatives
such as carbon graphite TIM and thermal pads can also be used to provide thermal conductivity
(Figure 14b). In this sense, it may be promising to use thermal pads or carbon graphite TIMs

with double-sided good bonding properties by also providing double-sided bonding properties.

8. CONCLUSIONS AND RECOMMENDATIONS

The use of thermoelectric modules in photovoltaic panels increases the final efficiency of the
panels. The modules, which provide additional energy from the heat of the panels, also increase
the panel efficiency since they cool the panel. Cost analysis, long-term applicability and
appropriate designs of PV-TEG modules are required. In PV-TEG systems, good cooling of
TEGs is extremely important both for the electrical energy produced by TEGs alone and for
cooling the PV panel and generating more electricity. In this respect, in order to obtain good
efficiency from PV-TEG systems, the use of TEG modules in PV/Ts is inevitable. Indeed, since
there is already a pump in the system itself in PV/Ts where water is circulated, no additional
energy is required for cooling the system. Since suitable active cooling can be provided without
requiring additional costs, the applicability of PV/T-TEG systems will be easier than PV-TEG
systems. Inactive cooling methods such as aluminum fin cooling and PCM material cooling are
being investigated in PV-TEG systems.

The important problem encountered in PV-TEG systems is the use of suitable thermal pastes

for TEG modules. In fact, different uses of suitable thermal pastes are being investigated to
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improve heat transfer at the PV-TEG interface and the cooled interface of TEGs. However,
since the thermal pastes available in the market are pastes developed for the purpose of cooling
computer processors, the adhesion properties of these pastes are not as good as their conduction
coefficients. In this respect, their applicability in PV-TEG applications should be questioned. It
has been observed that carbon graphite TIM and thermal pads can be used as other alternatives
in terms of providing thermal conductivity. In this sense, it may be promising to use thermal
pads with good double-sided adhesion properties or carbon graphite TIMs by also providing

double-sided adhesion properties.
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ABSTRACT

Evaluation and conversion of solar energy and waste heat energy are of great importance for
national economies. Peltiers used for cooling purposes, especially cooling using solar energy
or generating electrical energy using waste heat energy, can make significant contributions to
countries' energy savings. Peltier modules have the capacity to obtain electrical energy from
temperature differences or, conversely, to heat one side and cool the other side using electrical
energy. They are generally preferred in small-capacity cooling applications due to higher
efficiency. Although Peltiers are mostly preferred for cooling purposes, it is also possible to
produce electricity from low-efficiency waste heat with the help of these modules. In addition,
thermoelectric modules of these modules, which are especially made more suitable for
electricity production, continue to be produced. In this study, interesting uses of both Peltier
and thermoelectric modules were evaluated within the framework of current studies on cooling
and generating electrical energy from Peltiers and generating electrical energy from
thermoelectric generators, and the widespread use of these modules was aimed at.

Keywords: TE, TEC, TEM, TEG, TEJ

1. INTRODUCTION
It is clear that research on efficient use of energy or increasing the use of renewable energy
resources will be on the agenda for a long time. While one involves more efficient use of
existing energy, the other aims to provide a country's economy and a clean environment with
the widespread use of clean and renewable energy. One of the important energy savings is the
conversion of waste thermal energy. Indeed, the amount of energy wasted in this area is not
small. In this respect, it is important to spread the use of thermoelectric modules (TEM), which
enable the conversion of waste thermal energy into both thermal and electrical energy. A large
number of N- and P-type thermoelectric materials (TE) are connected in series to form a
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thermoelectric module (TEM). TEMs can be used to generate electricity using waste heat, as
well as to provide cooling using electrical energy[1]. It is expected that modules will make
significant contributions to the country's economy, especially if they are used to obtain
electrical energy from waste heat after their electrical efficiency increases. Even though the
electrical efficiency of these modules is low in the current situation, their ability to be used in
the conversion of waste heat in the long term makes them preferable despite their high initial
costs. In the case of their use for electricity production purposes, electricity production from
waste heat without consuming additional energy is possible[2]. As the production of higher
efficiency, higher temperature resistant modules becomes more widespread and their costs
decrease, it is understood that they will find application wherever waste heat is present.

TEMs are actually classified according to high temperature and low temperature
applications[3]. Their most common uses are low temperature applications. Bi>Tes based
materials are actually materials used in low temperature applications. Such low temperature
applications actually provide safe electricity generation at temperatures close to room
temperature. Therefore, it is actually sufficient to have a hot or cold surface for electricity

generation[4]. The highest temperature at which these products operate is 250°C.

In addition to applications where TEMSs are used for electricity generation, they can also be
used in cooling applications using electricity. When used in electricity generation using the
Seebeck effect, they are called Thermo Electric Generators (TEGS) because they work as
electric generators. In applications where cooling is done using the Peltier effect, they are called
Thermoelectric Cooling (TECs). Since the cooling efficiency of TECs is higher than their
efficiency in generating electricity, they are known more as cooling modules in the market
instead of thermoelectric modules. Since TEC modules provide cooling from a waste heat
source and actually provide a transformation of thermal energy in its own version, this process
can be achieved with higher efficiency compared to electricity generation. Although the use of
TEC modules is more widespread than TEGs, both application areas actually need more
research and application areas. It has been determined that there are significant deficiencies in
this area.

In this study, the application areas of TEMs for electricity generation or cooling purposes were

examined using literature research. The usage areas of TEG/TEC modules within the scope of
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the study were introduced, and the difficulties and opportunities encountered in the relevant
areas were discussed. It is aimed to help the widespread use of TEG/TEC modules, which have
an important place in the evaluation of waste thermal energy and energy saving by converting
them, in our country in the future. In this respect, both TEG and TEC modules will constitute

an important source for usage areas and academic studies in this field.

2.STRUCTURE AND WORKING PRINCIPLE OF THERMOELECTRIC

MODULES
2.1. Thermoelectric Effect and Its History

The thermoelectric effect was first discovered by German scientist Thomas John Seebeck. This
effect, known as the Seebeck effect, was discovered by the movement of a compass needle in a
closed circuit created by combining two different metal ends. However, it was not initially
understood by Seebeck that this was an electrical effect. However, Thomas Seebeck was the
first person to discover the phenomenon of heat conversion into electricity or electricity
conversion into heat, which forms the basis of TEMs. In 1834, French scientist Jean Pelteir
discovered that when electrical energy was used in this circuit, the heat increased at one end
and the heat decreased at the other end in the experiments he conducted as a continuation of
these studies. Therefore,while T. John Seebeck demonstrated production through temperature
difference in 1821, Jean Charles Athanasa Peltier demonstrated that heating effect would be
provided on one side and cooling effec would be provided on the other side as a result of voltage
difference between the surfaces in 1834. Approximately a century later, in the 1930s, these
modules first began to be produced in the form of peltiers (TEC) to be used for cooling

purposes.

After the discovery of Seebeck and Peltier effects, when the front and back surface temperatures
of the ceramic surface TE materials are provided to be different from each other, an electric
current is passed. The amount of electric current can be increased by increasing the temperature
difference between these surfaces. Using this advantage, electricity can be produced with the
help of the temperature difference created between the two surfaces with the help of waste heat.
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This makes it possible to convert waste heat into electrical energy. The opposite situation, that
IS, it can be used as a heat pump or cooler by giving electrical energy.

2.2. Seebeck and Peltier Effect

The electric current passing through the circuit formed by the combination of two different
metals, one hot and the other cold, is called the Seebeck effect. The amount of voltage passing
through this circuit depends on the temperature differences (AT) of the TEMs formed by the
materials, the semiconductor double numbers (n), and the Seebeck coefficient (o) of the
semiconductor materials used. It is seen in equation 1 that the voltage value is directly

proportional to these parameters[5].

V=naAT (1)

The Seebeck number of TEMs is generally around 100uV/°C minimum([6]. This coefficient
varies depending on the material type as well as the temperature of the same material. Here, the
temperature difference is actually equal to the temperature difference between the hot (Th) and
cold (T¢) sides (Equation 2).

AT =Th - Te )
It is known that the voltage amount can be increased by the series connection of the N and P
pairs in TEMSs, and the current amount can be increased by the parallel connection of the series-

connected groups[6]. TEM modules consist of a large number of P and N pole semiconductors

as shown in Figure 1.
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Source of Heat |

B
A 2
Figure 1. a) Heat absorption and dissipation by Thomson effect in TEG module consisting of many N and P
semiconductors [7], b) TEG electrical circuit and electrical conduction [8]

P and N type semiconductor materials are being developed in terms of the ZT factor called
thermoelectric material factor (Figure of Merit) and temperature resistance. Since the ZT factor
is an indicator of the higher electricity production capacity of these materials, it is important to
work on increasing this value as much as possible. While the ZT factor is below 1 in TE
materials based on Bismuth Telluride, this value is tried to be increased above 1 with current
materials (Figure 2). Whether TEM or TEC, all of them are basically produced from
semiconductor materials such as lead, tin and tellurium. It is known that the semiconductors
used in peltiers developed for cooling purposes are generally Bi>Tes and SboTes[9]. However,
in TEMs produced from Bismuth Telluride (Bi.Tes), a maximum of 5% efficiency can be
achieved as a result of the temperature not exceeding 260°C and the maximum ZT being 1.2
[10]. The material factor of the thermoelectric couple depends on the Seebeck coefficients
(ap, an), thermal conductivity coefficient (k) and electrical resistance (R) of the relevant
thermoelectric couple as seen in equation 3 [11].

ZT = (ap- an)/kR 3)

If the electric conductivity coefficient (o) and the mean absolute temperature (T) are known,
ZT:

ZT = 02Tk (4)

Though the rule of thumb was ZT<1, it is now known that ZT values of 2 and higher can be
achieved by using different alloys [12]. In fact, it has been understood that ZT can reach high
values such as 2.5 and 3.5 with alloys such as Bi>Tes/Sh,Tes and PbSeTe/PbTe.
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Figure 2. ZT factors of different TE material types P and N type in differenthorking ranges [13]

The temperature resistance of TE materials is at least as important as the ZT value. In fact, the
greatest energy waste occurs in sectors such as foundries, high-temperature exhaust gases, flue
gases, melting processes, etc. The absence of TE materials with applicable resistance in these
areas will continue to cause major energy losses. The ZT factor of different P and N type
Thermoelectric materials in different operating ranges is shown in Figure 2 [13]. As can be
seen, while the traditional materials used, Bismuth Telluride-based N and P type materials, are
in the temperature range of 200-250°C, research on newly developed TE materials resistant to

temperatures up to 1000°C is ongoing.

The opposite of the Seebeck effect in TE materials is known as the Peltier effect. When a current
is passed through a circuit containing two different metals connected to form a closed circuit,
one of the metals will start to heat up and the other will start to cool down. In this way, the
effect of heating on one side and cooling on the other side as a result of using electrical energy
in the circuit is called the Peltier effect (Figure 3).

Tc Metal A Th

Metal B Metal b

n ©

+_
—~ —

Figure 3. Peltier effect
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2.3. Thomson Effect

The Thomson effect was discovered by William Thomson (Lord Kelvin) in 1854. This effect
is used in technologies such as thermoelectric generators, cooling systems and energy
production applications. Peltiers use the Thomson effect to create a certain temperature
difference, allowing one side to cool and the other side to heat. The Thomson effect expresses
the numerical relationship between the Seebeck and Peltier effects [11]. According to the
Thomson effect, when current (I) passes through a circuit, not only the temperature difference
(AT) but also the Thomson coefficient (1) of the thermoelectric material is affected. This
Thomson value is expressed in the formula as follows. With the Thomson effect, the heat

absorbed from one side is radiated from the other side (Figure 1).

Qr=1txIxAT (5)

2.4. Thermoelectric Generators

TEMSs containing large numbers of N and P pairs, however, generally have very small structures
and low electrical efficiency. Therefore, the amount of electrical energy produced from a single
TEM is low. In this respect, high-power thermoelectric generators (TEG) are obtained by
connecting different numbers of TEMs in series. It is foreseen that they will be of great
importance in the future in terms of evaluating waste heat due to their simple working
principles, lack of moving parts and no maintenance requirements. TECs and TEMs, which are
basically similar in their production methods, have similar working principles and although
both can be used for the same purpose, the efficiency of TECs obtained for cooling effect and
TEMs developed for electricity generation purposes are different from each other. In other
words, since the modules produced as Peltiers in the market are developed for cooling purposes,
their cooling efficiency is higher while their electricity generation efficiency is lower. On the
other hand, the electrical efficiency of TEM modules developed especially for electricity
generation has also been relatively improved compared to TEC modules. Table 1 shows the

commercially available Bismuth Tellur based TEC/TEM modules and their related features.
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TABLE 1. DEATURES OF DIFFERENT PELTIER MODELS

PRODUCT TEC1 TEC1 TEC1 TEC1 TEC1
TYPE 12703 12704 12705 12706 12708
OPERATION TEMP.(MAX) 200 200 200 200 200
(°0)

POWER(MAX) (W) 26.7 35.6 44.5 53.3 711
TEMP. DiFF(MAX) (°C) 68 68 68 68 68
MAX. VOLTAGE (V) 154 15.4 15.4 15.4 15.4
MAX. CURRENT(A) 3 4 5 6 8

2. USES OF PELTIER MODULES FOR COOLING PURPOSES
Peltier modules are actually thermoelectric modules that create a temperature difference using
electrical energy. As a result of the electric current passing through the Peltier modules, one
surface cools while the other surface heats up. Peltiers are widely used in small capacity cooling
applications by taking advantage of this feature. Since cooling occurs with the Peltier effect,
they are called Thermoelectric Cooling (TEC). Coolings made with the help of Peltiers have
applications such as cooling electronic devices, portable coolers such as mini refrigerators,
small capacity cooling needs in laboratory environments or medical devices, laser cooling,
personal cooling, PV panel cooling, etc. Peltier modules are preferred because they are small,
portable, do not contain moving parts, can cool quickly, and do not have harmful emissions. On
the other hand, their use in large capacity applications is limited due to their low efficiency and
usability in low temperature applications. TEC modules based on (Bi>2Tez—xSex) and (BixSho—

XTes) are unfortunately resistant to low temperature ranges such as 230-250°C [14].

TEC modules are used for cooling computer servers, microprocessors and power amplifiers. In
portable mini coolers, medical small power coolers, the heated area can be cooled with TECs
in order to increase the working efficiency of the laser. Wearable technologies that cool can be

produced by using the electrical energy generated from solar energy in wearable textile
products.

3.1. Peltier Cooler Mini Refrigerators and Air Conditioners

The COP increase study in a mini refrigerator using TEC modules is shown in Figure 4. In the
example study, water was used as the intermediate fluid in a mini refrigerator and TEC modules

were used for cooling the water. The cold part of the TEC modules is inside the cabinet and the
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hot part is outside the cabinet. Cooling of the outside hot side of the TEC module must also be
maintained so that the temperature in the cooled area can drop sufficiently. Therefore, in this
case, in order for the TEC module to work, an electric flow must be provided from an electric
source, the cold side starts to cool and the hot side starts to warm. So TEC module must be
cooled with a device that consumes additional electrical energy, such as a fan, on the outside
[15]. At4V and 1.006 A current, COP is 77.3%, at a temperature difference of 8°C for cooling

temperature. The highest temperature difference is stated as 26.4°C and COP is 11.2% for 10
V, 9.149 A and 91.49 W.

gem

Cooled water

Multimeter|

a
'
1

wi
-
B R it
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>
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Figure 4. photographic picture of experimental setup: 1 — power supply, 2 — S.S. box, 3 — sensor, 4 — wooden box,
5 — heat sink, 6 — Peltier unit, 7 — fan; b) schematic diagram of experimental setup: 1 —S.S. box, 2 — fan, 3 — heat
sink, 4 — Peltier unit, 5 — foam box, 6 — voltage regulator, 7 — power supply

In a similar another study, it was emphasized that as a result of testing 1-3 TEM modules with
different voltage values such as 8, 10 and 12 V in different cooling volumes to increase cooling
performance, steady-state temperatures decreased with increasing number of modules and
higher COP was provided in the 8-volt system compared to 12-volt. The reason for this was
attributed to the inadequacy of cooling of the heated part in the TECs when 12-volt energy was
supplied [16]. Since refrigerators and air conditioners work on similar principles, studies on
mini-type air conditioners working with TEC are also ongoing [17]. Figure 5 shows the use of
TEG/TEC modules in a heat pump operating with geothermal system support. Since there is
water or refrigerant pumped in such a system, the cooling process of the TEG/TEC modules

will also be done as active cooling and therefore the modules will operate with high efficiency.
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Figure 5. Using TEG modules in heat pump or air conditioning systems [17]

3.2. Use of Peltier in Smart Wearable Products

With the development and widespread use of flexible thermoelectric modules, their use for
electricity generation or cooling purposes will become widespread. As a matter of fact, it has
been stated that flexible TEC modules and their use in wearable products provide a cooling
effect of up to 5°C as shown in the figure [18, 19]. There are many work areas where air
conditioning systems are not possible for various reasons. In this respect, various smart
wearable personal cooling systems equipped with TEC should be implemented in order to cool
down the people working in the relevant areas (Figure 6). TEC applications in wearable

technologies [20].

A B
Figure 6. a) Flexible TEC module production, b) Use of flexible TEC modules in wearable smart clothing

44



L CONFERER,
S Yo

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onrene

www.skademikongre.arg

3.3. Use of Peltier in Cooling Electronic Devices and Batteries

TEC modules are also used in cooling electronic devices and batteries [21, 22]. In Figure 7b,
there are 12 batteries in three rows, four batteries in each row. After the heat of the batteries is
absorbed by the phase change material placed around them, the heat temporarily stored in the
phase change material is transferred to the TEC modules with the help of fins with high heat

transfer coefficients. This heat is removed from the environment by providing cooling with the
help of TEC modules[23].

A B
Figure 7 a) Cooling of batteries only with TEC modules [21], b) Cooling of batteries with TEC in combination with PCM [23]

In order for the batteries to be sufficiently cooled with TEC modules, the hot parts of these
modules on the outside must be cooled appropriately and sufficiently. For this purpose, it is
possible to apply various exchanger systems. It is also possible to use active cooling systems.
However, since active cooling systems require additional electricity consumption, the use of
suitable cooling fins ensures that the system is more cost-effective and therefore more
applicable and sustainable. For example, as in Figure 8, copper fins that take up less space are
preferred in TEC modules to be able to draw better heat, while aluminum fins are used on the
cooling side to provide better cooling and to be more cost-effective. It is understood that the

aluminum fins are longer than the copper fins used inside in order to provide sufficient cooling.

TEC heatsink PCM battery n
Cad 1)
.

>

Figure 8. Cooling of batteries with TEC modules [21]
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3.4. Use of Peltier Modules in Cryogenic Cooling

If the temperature on the side of the TEC modules that needs to be cooled can be reduced
sufficiently, it is possible to use these modules in cryogenic applications at low temperatures.
In a sample study, the temperature value was reduced by — 78.2 °C (AT = 194.9 K) with two-
stage TEC systems such as TEC-1 and TEC-2[24]. In such a system, air and water cooling

methods were used to cool the TECs. 1-TEC was liquid cooled to provide the lowest

temperature, and TEC-2 was air cooled (Figure 9).

Environment

Data collection

Thermometer
(T-type Thermocouple wire)

>, = o

Flowmeter

KDLP1200-B Liquid Bump

DC Power Supply

Figure 9. Investigation of the usability of cryogenic cooling of TEC modules [24]

3.5. Use of Peltier Modules in the Medical Field

ue to their structure, TEC modules are used in small capacity cooling applications such as
medical applications rather than large capacity cooling[19]. For example, TEC systems can be
used for regional heating and cooling needs in a person's body[19]. The use of cryotherapy
devices in wrist and ankle injuries is becoming widespread. Figure 10 shows technological
products with TEC modules developed for regional rapid warming and cooling of the human
body. There are examples of TEC module usage for cooling purposes in brain cooling helmets
used in the treatment of epilepsy[25]. In addition to district cooling, research into electrical

energy generation using TEG systems in medical and biomedical applications is also ongoing.
[26, 27].

46



\ CORFEREY,
BN &4,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

P«WDEM,
&,

www.skademikongre.arg

>
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Figure 10. Medical TEC application examples [19]

4.USES OF THERMOELECTRIC OR PELTIER MODULES FOR ELECTRICITY
GENERATION PURPOSES

TEMSs have the advantages of being usable with all kinds of thermal sources, obtaining
electrical energy directly from thermal sources, not requiring maintenance for a long time,
having low maintenance costs and having a long service life. In addition to all these advantages,
their low efficiency of 5-15% limits their areas of use. However, if suitable cooling is provided,
TE technology can provide a continuous power source thanks to the temperature difference
between a heat source and the ambient temperature. It is known that small-scale lighting
systems are made thanks to TEM modules by using the thermal energy of sources such as
boilers, ovens, stoves and hot water, and that they provide 4-5% fuel economy when used in
vehicle exhausts and are useful for charging batteries[28]. With various TEGs created according
to technological developments up to 2019, electricity production up to 15-550W can be
provided and these modules can be combined in electrical installations up to 5kW [12]. It is
known that their power can be increased up to 5kW in this way [29]. It is understood that in the
future, as TEG efficiency and temperature resistance increase, their areas of use will diversify

and become widespread.

4.1. Generating Electricity from Waste Exhaust Gases with Thermoelectric Modules
It is known that internal combustion engine efficiency varies between 25-35% on average, and
therefore 70% of the thermal energy used is released into the atmosphere through exhaust

gases[30]. In designs made for obtaining electrical energy from waste thermal energy in vehicle
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exhaust gases with the help of thermoelectrics. The TEG module formed from numerous TEMs
is brought into contact with hot exhaust gases as a hot source, while the source from which the
heat is discharged can be either direct outside air or a cooling fluid such as engine cooling water.
In this case, additional pump energy is not used for cooling purposes, an existing pumped cold
water system is used. This ensures that the energy obtained from the relevant modules is more
cost-effective. As seen in Figure 11a TEG modules can be used in vehicle exhaust gases as well
as in hot gas chimneys at the end of combustion in gas turbines[31]. Figure 11b shows sample
application types of TEG modules in vehicle exhaust pipes[32]. A multi-fin heat exchanger was
used to ensure the continuity of heat transfer to the TEG modules inside the exhaust pipes, and
a different design is seen with long and continuous fins on the outer wall of the pipe for cooling
the modules[32].

: — frazsnasa . N | Exhaustgas
; : i i ipeline
Bl S=tea. : ! §
= : 1 1
I I
................ i i
i ! )
Compressor  Turbine Cold-side
, heatsink
- lM“
il Hot-side hea
‘ exchanger
Combustion A Y J
Chamber Exhaust System

A

[vs]

Figure 11. Use of TEG modules in exhaust gases[31, 32]

Testing of TEG modules in vehicle exhausts is common because it is a high temperature
thermal source [33, 34]. Internal combustion engines, 70% of which is released as waste heat,
operate with an efficiency of 25-30% [35]. When TEGs are used in vehicle exhausts, parameters
such as high engine speed and engine load increase the temperature difference, thus increasing

module efficiency [36].

It is an important issue that academic studies continue on reducing (NOx) emissions in vehicles.
The high temperature of exhaust gases causes nitrogen gas emissions. Therefore, reducing
exhaust gas temperatures is an important factor in reducing nitrogen gas emissions. On the other

hand, reducing the temperature of the internal combustion engine is not applicable since it will
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also reduce engine efficiency. It is possible to reduce exhaust gas temperatures and therefore
nitrogen emissions by using TEG modules. In case of obtaining electrical energy from waste
thermal energy from vehicle exhaust gases with thermoelectric modules, there will be both a
reduction in emissions based on the reduction of nitrogen amount and an increase in engine
efficiency, resulting in more efficient work with less fuel. Therefore, the use of TEM modules
in generating electricity will have a great impact on reducing emissions released to the outside
air in vehicles or in industry[13]. As seen in Figure 12, with the development of high efficiency
TE materials, it will be possible to produce electricity up to 1 kW power by using high
efficiency TEG modules in exhaust gases[37].

TE Unicouple

TEG Module
Nanobulk

Half-Heusler

>

1 kW TEG System

Nano Powder TEG Subsystem

Figure 12. Production of high efficiency TE materials with the help of nano powders and their use in exhaust
systems

4.2. Obtaining Electricity from High Temperature Environments such as Boilers and
Chimneys with Thermoelectric Modules

In industrial applications, areas where heat losses occur, such as waste flue gases, heat losses
from various surfaces of hot boilers, inevitable heat losses on furnace surfaces, and hot stove
surfaces, constitute significant energy losses. It is possible to obtain electrical energy by using
this waste heat energy with the Seebeck effect using thermoelectric generators[38]. In Figure
13, electrical energy is produced by the TEG module used in the chimney of a wood stove [39].

The most important problem in such systems is to ensure proper cooling of the TEG modules.
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In particular, a high efficiency TEG system can be established with the presence of a system
that will provide active cooling, such as pumped water in the environment, and a suitable heat

exchanger design.

e A
m o @r
= (mipm

L-m ul B
_ "R ” “
© @

Sekil 23. Electricity generation from wood stove with TEG module, a) Stove, b) TEG module, c) test
measurement system, d) program interface [39]

4.3. Different Electricity Production Alternative Applications with Thermoelectric
Modules

With the development of high temperature resistant TEG modules, these modules can also be
used in high temperature applications such as casting, rolling, melting, metal industry, etc. It is
clear that TEG modules will also be indispensable in the aviation sector. Because the air
conditioning of the interior of aircraft in the summer is relatively cooler, and since the outside
temperature is high in the aircraft on sunny days, it is possible to produce high levels of
electricity by equipping all cabin materials of aircraft with TEG modules. Similarly, it is
possible to produce electricity in various marine vehicles using combustion chambers and

exhaust gases.
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As seen in Figure 14, in another interesting thesis study, the electrical data of TEMs were
investigated theoretically and experimentally when nitrogen at 77 K temperature liquefied at
atmospheric pressure was used as a cold heat source and the atmosphere at 293 K temperature
was used as a hot heat source[40]. It is clearly understood from this example that the important
thing is not the high temperature on the hot side of the TEM modules. It is important that the
temperature difference between the hot and cold sides of the modules is high. Therefore, almost

every place where the appropriate temperature difference is provided constitutes the application
area of TEM modules.

Sicak yluzey +V Bilgi toplama
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Figure 14. Electricity generation from liquefied nitrogen gas

Other areas where TEGs can be applied can be listed as follows:

1. It can be operated by taking advantage of the temperature difference formed in chimneys.

2. It can be operated by taking advantage of the temperature difference formed around central
heating boilers.

3. It can be operated by designing it like a window system in air-conditioned environments with
high indoor-outdoor temperature differences in the summer.
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4. It can be operated by taking advantage of the temperature difference formed on the walls of
spaces containing cold storage.

5. A portable system can be prepared and used in indoor and outdoor spaces according to
summer and winter climates.

6. It can be used for electricity generation by using the surface temperatures of solar panels or
for cooling purposes by using the electricity obtained from solar panels.

7. 1t can be operated by taking advantage of the temperature difference formed around the stove
and oven in regions where the climate temperature is below zero degrees.

8. It can be used to produce the electricity of spacecraft and satellites in space environments
where the ambient temperature is as low as -270 °C.

9. TEGs can reduce exhaust gas temperatures and reduce engine NOX levels.

10. High-temperature TEGs to be developed can be used in hot steel structures, foundries,
metalworking workshops, and other high-temperature environments, and can be used to
produce high levels of electricity.

11. By using them on the exterior surfaces of aircraft, electricity can be produced to feed aircraft
interior lighting systems or to feed batteries by taking advantage of high solar heat and aircraft
interior temperature differences.

12. Solar-powered cooling or air conditioning systems can be designed using solar-powered
electricity produced from TEC modules [41].

5. CONCLUSIONS AND RECOMMENDATIONS

In this study, current studies using TE-based TEG/TEC modules have been evaluated. Different
interesting applications of these modules have been presented for the purpose of generating
electricity and cooling. It has been understood that the first applications of these modules in the
market were generally used for cooling purposes. The fact that the modules are small and have
low efficiency has caused them to be preferred in low cooling capacity systems. It has been
understood that the main TEC module cooling applications will be used in mini refrigerators,
air conditioners, heat pumps, local body heating or cooling in the medical field, and in future
technological smart clothes in textile products. TEG module applications are promising,
especially in vehicle exhausts, chimneys, hot surfaces such as boilers, ovens, stoves, PV panel
cooling systems and in systems such as the metal industry where high temperature applications

are included with the provision of suitable material production in the future. Apart from these,
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it is also thought that TEC/TEG modules will become important sources of electricity

generation in aviation and marine vehicles.

REFERENCES

[1]
[2]

[3]

[4]
[5]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

M. Okay, "Tasinabilir medikal bir sogutucu tasarimi ve yapay zeka ile kontrolii," 2013.

P. A. Stecanella, M. A. Faria, E. G. Domingues, P. H. Gomes, W. P. Calixto, and A. J.
Alves, "Eletricity generation using thermoelectric generator-TEG," in 2015 IEEE 15th
International Conference on Environment and Electrical Engineering (EEEIC), 2015:
IEEE, pp. 2104-2108.

N. Zulkepli, J. Yunas, M. A. Mohamed, and A. A. Hamzah, "Review of thermoelectric
generators at low operating temperatures: working principles and materials,"
Micromachines, vol. 12, no. 7, p. 734, 2021.

R. Freer and A. V. Powell, "Realising the potential of thermoelectric technology: A
Roadmap," Journal of Materials Chemistry C, vol. 8, no. 2, pp. 441-463, 2020.

M. Q. Khan, S. Malarmannan, and G. Manikandaraja, "Power generation from waste
heat of vehicle exhaust using thermo electric generator: A review," in IOP Conference
Series: Materials Science and Engineering, 2018, vol. 402, no. 1: IOP Publishing, p.
012174.

P. CULUN, "Evaluation of Recent Developments in Thermoelectric Generators."

F. H. M. MUHI and M. Giigyetmez, "Load management design and techno-economic
analysis for an islanded hybrid Pv-Teg microgrid," Energy Rep, vol. 11, pp. 5542-5555,
2024.

K. Khan et al., "Data-driven green energy extraction: Machine learning-based MPPT
control with efficient fault detection method for the hybrid PV-TEG system," Energy
Rep, vol. 9, pp. 3604-3623, 2023.

I. Temizer, C. Ilkihg, B. Tanyeri, and O. Cihan, "TERMOELEKTRIK
TEKNOLOJISININ TASIT SISTEMLERI UZERINDEKI ETKILERI" Batman
Universitesi Yasam Bilimleri Dergisi, vol. 1, no. 2, pp. 199-209, 2012.

A. O. Ochieng, T. F. Megahed, S. Ookawara, and H. Hassan, "Comprehensive review
in waste heat recovery in different thermal energy-consuming processes using
thermoelectric generators for electrical power generation," Process safety and
environmental protection, vol. 162, pp. 134-154, 2022.

E. Dikmen, "Fixing of factors what affects thermoelectric coolers’ working criteria and
fields ofe use in industry,” Yiiksek Lisans Tezi, Siileyman Demirel Universitesi Fen
Bilimleri Enstitiisi ..., 2002.

U. Dalar, "Otomobil egzoz sistemlerinde termoelektrik jeneratorlii (TEJ) atik 1s1 geri
kazanim sisteminin irdelenmesi," Fen Bilimleri Enstitiisii, 2019.

J. Fairbanks, "Vehicular thermoelectrics: a new green technology," in Proc. 2011
Directions in Engine-Efficiency and Emissions Research (DEER) Conference, Detroit,
Michigan, 2011.

N. S. Chauhan and T. Mori, "Cooler, stronger, smaller: improving thermoelectric
cooling," Natl Sci Rev, vol. 12, no. 1, p. nwae445, Jan 2025, doi: 10.1093/nsr/nwae445.

A. E. M. Elnaggar, S. Sharaf, Z. S. A. Rehim, H. M. M. Mustafa, and H. M. El Zoghby,
"Enhancing the coefficient of performance (COP) of mini refrigerators based on

53



[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]
[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

ACADE

My 03

8
onmsn®

iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

www.skademikongre.arg

thermoelectric units (Peltier)," (in English), Polityka Energ, vol. 27, no. 3, pp. 133-160,
2024, doi: 10.33223/epj/186855.

E. Mandev, "Termoelektrik Buzdolaplarinda Coklu Diizenlemenin ve Elektrik Giicliniin
Sogutma Performansma Etkilerinin Deneysel Olarak Incelenmesi," Journal of the
Institute of Science and Technology, vol. 15, no. 1, pp. 279-290, 2025.

Q. Liu et al., "Highly efficient thermoelectric air conditioner with kilowatt capacity
realized by ground source heat-exchanging system," iScience, vol. 25, no. 5, p. 104296,
May 20 2022, doi: 10.1016/j.is¢1.2022.104296.

A. Dabrowska, M. Kobus, L. Starzak, B. Pekoslawski, and P. Latas, "A Performance
Evaluation of Flexible Thermoelectric Modules for Application in a Cooling Garment,"
Materials (Basel), vol. 18, no. 3, Jan 30 2025, doi: 10.3390/ma18030633.

S. H. Zaferani, M. W. Sams, R. Ghomashchi, and Z.-G. Chen, "Thermoelectric coolers
as thermal management systems for medical applications: Design, optimization, and
advancement," Nano energy, vol. 90, p. 106572, 2021.

M. Yang et al., "Liquid metal-based flexible and wearable thermoelectric cooling
structure and cooling performance optimization," Science China Materials, vol. 66, no.
10, pp. 4001-4011, 2023.

M. K. Mahek, M. Ramadan, S. S. Bin Dol, M. Ghazal, and M. Alkhedher, "A
comprehensive review of thermoelectric cooling technologies for enhanced thermal
management in lithium-ion battery systems," Heliyon, vol. 10, no. 24, p. e40649, Dec
302024, doi: 10.1016/j.heliyon.2024.e40649.

S. COBANER, "Termoelektrik yontemler ile mikroislemci sogutucu tasarimi," 2025.
X. Liu, L.-c. Yao, C.-q. Su, X. Xiong, and Y.-P. Wang, "A hybrid battery thermal
management system coupling with PCM and optimized thermoelectric cooling for high-
rate discharge condition," Case Stud Therm Eng, vol. 49, p. 103269, 2023.

S. Hu et al., "A portable design and demonstration of two-stage thermoelectric cooling
system for 200 K cryogenic applications," Appl Therm Eng, p. 125838, 2025.

R. S. Fisher, "Therapeutic devices for epilepsy," Annals of neurology, vol. 71, no. 2, pp.
157-168, 2012.

T. Janes et al., "Thermoelectric Energy Harvesting for Implantable Medical Devices,"
Annu Int Conf IEEE Eng Med Biol Soc, vol. 2021, pp. 1547-1550, Nov 2021, doi:
10.1109/EMBC46164.2021.9630243.

S. Jia, H. Ma, S. Gao, L. Yang, and Q. Sun, "Thermoelectric Materials and Devices for
Advanced Biomedical Applications," Small, vol. 20, no. 51, p. €2405019, Dec 2024,
doi: 10.1002/smll.202405019.

A. Y. Kaya, "Egzoz gazindaki 1s1 ile g¢alistirilan termoelektrik sistemin deneysel
incelenmesi,”" Fen Bilimleri Enstitiisii, 2010.

H. Mamur, O. F. Dilmag, J. Begum, and M. R. A. Bhuiyan, "Thermoelectric generators
act as renewable energy sources," Cleaner Materials, vol. 2, p. 100030, 2021.

Z.-G. Shen, L.-L. Tian, and X. Liu, "Automotive exhaust thermoelectric generators:
Current status, challenges and future prospects," Energy Conversion and Management,
vol. 195, pp. 1138-1173, 2019.

A. M. Alsaghir and J. H. Bahk, "Performance Optimization and Exergy Analysis of
Thermoelectric Heat Recovery System for Gas Turbine Power Plants," Entropy (Basel),
vol. 25, no. 12, Nov 25 2023, doi: 10.3390/e25121583.

R. B. Smriti et al., "Thermoelectric Energy Harvesting for Exhaust Waste Heat
Recovery: A System Design," ACS Appl Mater Interfaces, vol. 17, no. 3, pp. 4904-4912,
Jan 22 2025, doi: 10.1021/acsami.4c18023.

54



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

ACADE

My 03

8
onmsn®

iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

www.skademikongre.arg

A. Patyk, "Thermoelectric generators for efficiency improvement of power generation
by motor generators—environmental and economic perspectives," Appl Energ, vol. 102,
pp. 1448-1457,2013.

X. Liang, X. Sun, H. Tian, G. Shu, Y. Wang, and X. Wang, "Comparison and parameter
optimization of a two-stage thermoelectric generator using high temperature exhaust of
internal combustion engine," Appl Energ, vol. 130, pp. 190-199, 2014.

M. A. Kunt, "Icten Yanmali Motor Atik Isilarmin Geri Kazaniminda Termoelektrik
Jeneratorlerin Kullanimi," El-Cezeri, vol. 3, no. 2, 2016.

T. Y. Kim, A. Negash, and G. Cho, "Experimental and numerical study of waste heat
recovery characteristics of direct contact thermoelectric generator," Energ Convers
Manage, vol. 140, pp. 273-280, 2017.

Y. Zhang et al., "High-temperature and high-power-density nanostructured
thermoelectric generator for automotive waste heat recovery," Energy Conversion and
Management, vol. 105, pp. 946-950, 2015.

J. Chen, W. Xie, M. Dai, G. Shen, G. Li, and Y. Tang, "Experiments on Waste Heat
Thermoelectric Generation for Passenger Vehicles," Micromachines (Basel), vol. 13,
no. 1, Jan 10 2022, doi: 10.3390/mi13010107.

K. Sornek and K. Papis-Fraczek, "Numerical and Experimental Analysis of a
Prototypical Thermoelectric Generator Dedicated to Wood-Fired Heating Stove,"
Micromachines (Basel), vol. 14, no. 1, Jan 5 2023, doi: 10.3390/mi14010145.

H. Ozgiin, "Termoelektrik Jeneratorlerin Cok Diisiik Sicakliklarda Teorik ve Deneysel
Karakterizasyonu," 2009.

S. M. Pourkiaei et al., "Thermoelectric cooler and thermoelectric generator devices: A
review of present and potential applications, modeling and materials," Energy, vol. 186,
p. 115849, 2019.

55



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

INVESTIGATION OF SURFACE PERFORMANCE OF TEXTURED BEARINGS

Prof. Dr. CEM SINANOGLU
csinan@erciyes.edu.tr - 0000-0003-3923-5862

Dr. Ogr. Uyesi FATMA NAZLI OZSOLAK **
fnsari@gmail.com - 0000-0001-6312-8675

ASLIHAN COLAK ¥

aslihankarabulut18@gmail.com - 0009-0003-7483-8826

1.2.3* Department of Industrial Design Engineering, Erciyes University, Kayseri, Tiirkiye

ABSTRACT

Hydrodynamic lubricated radial journal bearings, which are widely used in the field of
engineering, are critical components that directly affect the energy efficiency and durability of
mechanical systems. Surface texturing methods, developed to reduce friction and wear, play a
significant role in improving bearing performance. A detailed examination of the effects of
surface textures on lubrication film formation, load-carrying capacity, friction coefficient, and
wear behavior is crucial for the development of more efficient and optimized bearing designs.

A review of the existing literature reveals that numerical simulation studies investigating the
impact of surface textures on tribological performance are abundant, whereas experimental
research remains relatively limited. To address this gap, this study will experimentally analyze
the tribological performance of surface textures with geometric patterns under static load and
speed conditions using the TM 290 Hydrodynamic Bearing Test Rig.

This research aims to demonstrate the tribological advantages that surface texturing
technologies can offer under real operating conditions. The findings of this study will serve as
a guide for more efficient journal bearing designs and contribute significantly to both academic
literature and engineering applications.

Keywords : Radial journal bearings , Surface texturing , Hydrodynamic lubrication and
tribology
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DOKULU YATAKLARIN YUZEY PERFORMANSININ iNCELENMESI

OZET

Miihendislik alaninda yaygin olarak kullanilan hidrodinamik yaglamali radyal kaymali
yataklar, sistemlerin enerji verimliligini ve dayanikliigimi dogrudan etkileyen kritik
bilesenlerdir. Siirtiinme ve asinmay1 azaltmak amaciyla gelistirilen ylizey dokulama yontemleri,
yatak performansinin iyilestirilmesinde Oonemli bir faktor olarak 6ne c¢ikmaktadir. Yiizey
dokularinin yag filmi olusumu, yiik tasima kapasitesi, siirtiinme katsayis1 ve asinma davranislari
iizerindeki etkilerinin detayli olarak incelenmesi, daha verimli ve optimize edilmis yatak
tasarimlarinin gelistirilmesi agisindan biiyiik 6nem tagimaktadir.

Mevcut literatiir incelendiginde, yiizey dokularinin tribolojik performans iizerindeki etkilerini
ele alan ¢ok sayida sayisal simiilasyon ¢alismasi oldugu, ancak deneysel aragtirmalarin nispeten
sinirli kaldigi goriilmektedir. Bu boslugu gidermek amaciyla gergeklestirilen bu ¢alismada, TM
290 Hidrodinamik Yatak Deney Diizenegi kullanilarak geometrik desenlere sahip ylizey

dokularinin statik yiik ve hiz kosullar altindaki tribolojik performansi deneysel olarak analiz
edilecektir.

Bu aragtirma, ylizey dokulama teknolojilerinin ger¢cek ¢alisma kosullarinda saglayabilecegi
tribolojik avantajlar1 ortaya koymay1 amaglamaktadir. Calismadan elde edilen bulgular, daha
verimli kaymali yatak tasarimlarina rehberlik edecek ve hem akademik literatiire hem de
miihendislik uygulamalarina 6nemli katkilar saglayacaktir.

Anahtar Kelimeler: Radyal kaymali yataklar , Yiizey dokulama (texture) , Hidrodinamik
yaglama ve triboloji

GIRIS

Hidrodinamik Yaglamah Radyal Kaymal Yatak Sistemi

Hidrodinamik yaglamali radyal kaymal1 yataklar, sanayide yaygin olarak kullanilan ve radyal
yonde gelen yiiklere kars1 direng gosteren kritik bilesenlerdir. Bu sistemler, doner hareket eden
bir saft ile yatak yiizeyi arasinda olusan yag filmi sayesinde siirtlinmeyi ve asinmay1 en aza
indirerek calisma verimliligini artirir. Yiik tasima kapasitesi, saftin donme hizi ve kullanilan
yagin viskozitesi gibi faktorlere bagl olarak, yag filmi tarafindan olusturulan hidrodinamik
basingla saglanir. Bu yag filmi, metal ylizeylerin dogrudan temasini dnleyerek hem siirtiinme
kayiplarini azaltir hem de aginmay1 engeller.
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Gorsel 1: Tipik bir radyal kaymal yatak sistemi [1]

Yatak performansini iyilestirmek amaciyla yiizey dokulama teknikleri uygulanmaktadir. Yiizey
dokulama, yag filmi iizerinde belirli basin¢ dagilimlar1 olusturarak yiik tasima kapasitesini
artirirken, siirtlinmeyi de diistirmektedir. Bu sayede, hidrodinamik yaglama kosullarinda daha
dayanikli ve verimli yatak sistemleri gelistirilmesi miimkiin hale gelmektedir.
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Gorsel 2: Mil ve yatagin degisik izafi konumlarinda yag filminin olusumu [1]

Hidrodinamik Yaglama ve Yiizey Dokularinin Etkisi

Hidrodinamik yaglama, yiizeyler arasinda bir yag filmi olusturarak siirtiinme ve asinmay1
azaltan temel bir mekanizmadir. Yiizey dokulama (texture), yaglama performansini iyilestirmek
ve tribolojik 6zellikleri optimize etmek amaciyla kullanilan yenilik¢i bir yaklagimdir. Dimple
(¢ukur), Groove (oluk) ve chevron (V seklinde) gibi yilizey dokulari, yag filmi lizerindeki
basincr artirarak ytik tasima kapasitesini iyilestirirken, siirtiinme katsayisini azaltmaktadir.
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Gorsel 4: Alt1 farkh siirekli oluk dokusunun sematik diyagramlar [4]:

(a) iicgen, (b) kare, (c) eskenar dortgen, (d) altigen, (e) daire ve (f) elips.

a b

Gorsel 5: (a) diiz, (b) ¢evresel, (c) balik sirt1 ve (d) enine yivli yataklarin fotograflar1 [5].

Cesitli caligmalar, bu dokularin geometrik Ozelliklerinin ve yerlesimlerinin, yaglama
performansi tizerinde belirleyici bir etkiye sahip oldugunu gostermistir.

Sharma ve digerleri, triangular (liggen) dokularin, yag filmi lizerinde basinci artirarak yiik
tagima kapasitesini iyilestirdigini ve siirtiinme katsayisini azalttifin1 gostermistir. Bu bulgu,
ylizey dokulamanin hidrodinamik performansi artirmada onemli bir ara¢ oldugunu ortaya

koymaktadir. Ozellikle, basing artan bélgelere yerlestirilen dokularin performansi belirgin bir
sekilde iyilestirdigi belirtilmistir [6].
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Li ve arkadaslar ise, yiizey dokularinin hidrodinamik basing olusturma ve siirtiinme katsayist
izerindeki etkilerini teorik ve deneysel yontemlerle incelemistir. Calisma, groove, chevron ve
kompozit dokular gibi farkli yiizey dokularin basing olusturma kapasitelerini Navier-Stokes
denklemleri ve FLUENT simiilasyonlar1 ile analiz etmistir. Sonuglar, yilizey dokularinin

yaglama performansi iizerindeki olumlu etkilerini ortaya koyarak optimum dokularin
belirlenmesine katki saglamistir [7].

Zhang ve arkadaslari, dimple tipi ylizey dokularinin geometrik parametrelerini (derinlik,
yogunluk ve yerlesim) inceleyerek bu dokularin kaymali yataklardaki tribolojik performansa
etkilerini degerlendirmistir. Calisma, uygun dimple yerlesim ve parametre optimizasyonunun,
hidrodinamik performansi iyilestirerek yiik tasima kapasitesini artirdigini ve siirtlinme
katsayisini  6nemli Olglide azalttigini  gostermektedir. Bu  bulgular, yiizey dokusu
optimizasyonunun kaymal1 yatak tasarimlarinda kritik bir rol oynadigini ortaya koymaktadir

8].

Bu calismalar, hidrodinamik yaglamanin temel prensiplerini ve yilizey dokularinin yaglama
performansi iizerindeki etkilerini vurgularken, tribolojik parametrelerin optimize edilmesinde
yilizey dokulamanin kritik bir rol oynadigin1 géstermektedir. Boylece, Yiizey dokularinin uygun
sekilde tasarlanmasi ve optimize edilmesi, sistem verimliligini artirirken, enerji tiiketimini
diistirerek ve aginmay1 azaltarak mekanik sistemlerin performansini iyilestirebilir.

DENEYSEL YONTEM

Deney Diizenegi ve Kullanilan Ekipmanlar

TM290 deney diizenegi, hidrodinamik yaglamali radyal kaymali yataklarin tribolojik
performansini incelemek amaciyla gelistirilmis olup, yiik tagima kapasitesi, siirtiinme katsayisi,
yag filmi basinci ve sicaklik gibi kritik parametrelerin 6l¢iilmesini saglamaktadir. Bu sistem,
farkli hiz ve yiik kosullarinda detayli analizler yapilmasina olanak taniyarak hidrodinamik
yaglama rejimlerinin anlagilmasina katkida bulunur.

Deney diizeneginde radyal yiik, mil hizi, yaglayici tiirii ve yatak boslugu gibi degiskenler
ayarlanabilirken, siirtinme momenti, mil pozisyonu ve yag sicakligi gibi parametreler yiiksek
hassasiyetli sensorler ile kaydedilmektedir. 0-500 N arasinda ayarlanabilir radyal yiik kapasitesi
ve 0-1500 rpm hiz aralig1 ile ¢aligan sistem, Stribeck egrilerinin ¢ikarilmasina ve farkli yaglama
rejimlerinin detayli olarak incelenmesine olanak tanimaktadir.
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Gorsel 7 : Radyal yiikii el ¢arki ile ayarlanabilen kaymal yatak / Acilmis kaymal yatak, alt
yatak burcunun goriiniimii [9].

Sistemin kompakt tasarimi, laboratuvar ortaminda deneysel calismalar i¢in uygun bir yap1
sunmakta olup, teorik analizler ile deneysel verilerin karsilastirilmasina imkan vermektedir.
Ornegin, sabit yatak boslugu altinda yiik artisiyla siirtiinme katsayismin azaldigi, buna karsilik
yiiksek viskoziteye sahip yaglayicilarin siirtiinmeyi artirdig: tespit edilmistir. Bu sayede, farkli
calisma kosullarinda kaymali yataklarin performansini etkileyen temel parametrelerin

belirlenmesi saglanmaktadir.
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Yapilan Calismalar

Radyal kaymali yataklar, yiiksek hiz ve agir yiik tasima kapasitesine sahip mekanik bilesenler
olarak endiistride genis bir kullanim alanma sahiptir. Ozellikle hidrodinamik yaglama
kosullarinda ¢aligsan bu yataklarda, yiizey dokusunun (texture) tribolojik performans tizerindeki
etkisi onemli bir arastirma konusudur. Yiizey dokulama teknikleri, yaglama verimliligini
artirarak slirtiinmeyi ve asinmay1 azaltmakta, boOylece yataklarin genel performansini
iyilestirmektedir.

Literatiirde, farkli yiizey dokularinin (6rnegin dimple, groove, chevron) kaymali yataklarin
tribolojik ozellikleri tizerindeki etkisini inceleyen ¢ok sayida deneysel ve sayisal calisma
bulunmaktadir. Bu ¢alismalar, yiizey dokusunun, yataklarin siirtiinme katsayisi, asinma orani
ve yiik tagima kapasitesine olan etkilerini ortaya koymus ve bu faktorlerin yatak tasariminda
nasil optimize edilebilecegine dair degerli veriler sunmustur. Bu literatiir incelemesi, yiizey
dokusunun tribolojik performansa etkilerini ele alarak, bu alanda yapilan arastirmalari
Ozetlemeyi ve hidrodinamik yaglama baglaminda yilizey dokularinin optimizasyonuna yonelik
bulgular sunmay1 amaglamaktadir.

Hakan Adatepe ve digerleri, TM 290 Hidrodinamik Yatak Deney Seti ile radyal kaymali
yataklarda siirtiinme katsayisini teorik ve deneysel olarak incelemistir. Calismada, sabit yatak
boslugunda yiik arttik¢a siirtiinme katsayisinin azaldigi, daha kiiglik yatak bosluklarinin daha
diisiik siirtinme katsayilar1 sagladigi ve yiiksek viskoziteli yaglarin siirtlinme katsayisini
artirdig1 gozlemlenmistir. Sonuglar, hidrodinamik siv1 siirtlinme rejiminde teorik ve deneysel
bulgularin uyumlu oldugunu gostermistir [10].

Jaharah A. Ghani ve ark. hidrodinamik yaglama altinda torna yontemiyle olusturulan dimple
yiizey dokularinin tribolojik performansini CFD simiilasyonlariyla incelemistir. Calisma, farkl
dimple geometrilerinin siirtinme katsayis1 ve yik tasima kapasitesine etkisini
degerlendirmistir. Sonuglar, 10-20% alan oranina sahip eliptik dimple yapilarin siirtiinmeyi
%30 azalttigini ve yiik tasima kapasitesini artirdigini1 gostermektedir. [11].

Wang ve digerleri, Hidrodinamik yaglama kosullarinda radyal kaymali yataklarda ylizey
dokusunun tribolojik performansa etkilerini incelemislerdir. Calismada, yuvarlak, kare ve
icgen gibi farkli yiizey dokulari ile yaglama performanst sayisal simiilasyonlarla
degerlendirilmistir. Yuvarlak dokularin ve yiiksek doku derinliklerinin, ytlik tasima kapasitesini
artirirken siirtiinme katsayisini azalttigi tespit edilmistir [12].

Usman ve Park , Yiizey dokusu optimizasyonu ile radyal kaymali yataklarda hidrodinamik
yaglama performansini iyilestirmislerdir. Yatay oluk derinlikleri ve doku sekillerinin siirtlinme
katsayisi, yiik tasima kapasitesi ve film kalinlig1 tizerindeki etkileri sayisal simiilasyonlarla
analiz edilmistir. Yiizey dokusunun geometrik optimizasyonunun tribolojik performansi
artirdig1 goriilmiistiir [13].

Arif, Kango ve Shukla , kaymali yataklarda yiizey dokusu (texture) ve kayma bolgelerinin
konumunun hidrodinamik yaglama performansina etkilerini sayisal simiilasyonlarla
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incelemislerdir. Calismada, yilizey dokusu ve kayma diizenlemelerinin yag tasima kapasitesini
artirdi81, siirtiinmeyi azaltid1 ve yag filmi akis hizini iyilestirdigi belirlenmistir. Ozellikle
kayma bolgesinin yerlestirilme sekli, yatak performansini optimize eden kritik bir faktor olarak
bulunmustur. [14].

Shen ve digerleri, Chevron (V-sekilli) dokularin geometrik parametrelerinin yaglama
performansina etkisini simiilasyonlarla analiz etmislerdir. V-gekilli dokularin hidrodinamik
basinci artirdigi ve siirtlinmeyi %84 oraninda azalttig1 gosterilmistir [15].

Filgueira Filho ve ark. , hidrodinamik yaglamali yuvarlak yataklarda dort farkli yiizey
dokusunun (Chevron, disli, dikdortgen dimple ve hizali dimple) etkilerini deneysel olarak
incelemistir. Caligmada, yilizey dokularmin siirtlinme, yilik tasima kapasitesi ve eksantriklik
izerindeki etkileri Sommerfeld sayilari tizerinden degerlendirilmistir. Chevron ve dikdortgen
dimple dokularinin yag filmi kalinligin1 artirarak yiik tasima kapasitesini iyilestirdigi, ancak
hizali dimple dokusunun belirgin bir etki gostermedigi tespit edilmistir. Ayrica, siirtiinme
momenti ve eksantrikligi etkileyen faktorler detaylandirilmistir [2].

Schnell ve ekibi, Femtosaniye lazerle olusturulan chevron mikro dokularin tribolojik
performansi deneysel olarak incelenmistir. Simetrik dokularin, yag filmi kalinligmi %39
artirdig1 ve stirtiinmeyi %44 azalttig1 gorillmiistiir [3].

Michalak, Yuvarlak mikro oluklarin hidrodinamik performansa etkisini incelemis ve bu
geometrinin yaglama filmini optimize ederek siirtiinme momentini azalttigin1 géstermistir [16].

Bu calismalar, yiizey dokusunun geometrik optimizasyonunun hidrodinamik yaglama
performansini artirmada kritik bir rol oynadigini ve bu alandaki deneysel ve sayisal arastirmalar
icin 6nemli referanslar sundugunu ortaya koymaktadir. Yapilan analizler, dogru tasarlanmig
yiizey dokularmin siirtiinmeyi azaltarak yiik tasima kapasitesini artirabilecegini ve tribolojik
performansi iyilestirebilecegini ortaya koymaktadir.

SONUC VE TARTISMA

Hidrodinamik yaglamali radyal kaymali yataklar, modern tribolojik sistemlerde siirtlinmeyi
azaltma, asinmay1 onleme ve yiikk tasima kapasitesini artirma &zellikleriyle kritik bir role
sahiptir. Bu yataklarda, saft ile yatak yiizeyi arasindaki yag filmi, sistemin performansini ve
dayanikliligini belirleyen temel bir unsur olup, yiizey dokularin (texture) bu film tizerindeki
etkileri, yaglama etkinligini artirma ve enerji verimliligini iyilestirme potansiyeli sunmaktadir.
Ozellikle dimple, groove ve chevron gibi dokular, yag filmi basincini artirarak yiik tasima
kapasitesini iyilestirme ve silirtiinme katsayisini azaltma agisindan etkili tasarim ¢oziimleri
sunmaktadir.

Proje kapsaminda TM290 Hidrodinamik Yatak Deney Diizenegi kullanilarak yiizey dokularinin
tribolojik performansa etkileri analiz edilecektir. Deneylerde, farkli geometrik yiizey dokulari,
hidrodinamik yaglama kosullarinda test edilerek siirtiinme katsayisi, yag filmi kalinlig1 ve yiik
tasima kapasitesi gibi kritik performans olgiitleri degerlendirilecektir. Statik yiik ve mil hiz1 gibi
degiskenler kontrollii bir sekilde ayarlanarak, ylizey dokularmin tribolojik performans
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iizerindeki etkileri detayli olarak incelenecektir. Elde edilen veriler, optimize edilmis doku
tasarimlarinin belirlenmesine ve bu tasarimlarin tribolojik sistemlere saglayabilecegi katkilarin
ortaya konmasina olanak taniyacaktir.
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OZET

Bu ¢alisma, geleneksel ve uygun maliyetli bir talagl imalat yontemi olan tornalama ile farkl
ylizey piirtizliiliikk degerlerinde islenen Ti6Al4V altliklarin zencefil bitkisi ile hazirlanan ZnO
NP'lerle kaplama sonrast morfolojik agidan incelenmesini ele almaktadir. Tornalama isleminde
ilerleme hizinin arttirilmasi ile yiizey piiriizliiliik degerleri arttirilmis ve piiriizlilik degerleri
yaklagik 1-2 um arasinda degisen degerlerde altliklar elde edilmistir. Degisen yiizey piirtizliilik
degerlerine sahip Ti6AI4V alt tabakalar iizerine damlatma yontemiyle kaplanan ZnO NP'lerin
morfolojisini karakterize etmek i¢cin SEM, yiizey piiriizliliigii 6l¢timleri, makro goriintii ve
mikrosertlik analizleri yapilmistir. Ayrica kaplama Oncesi ve sonrasi altlik yiizeylerinde temas
acis1 Olciimleri de yapilmistir. ZnO NP'lerinin kaplama yapis1 i¢cinde homojen dagilim
sergiledigi ve ¢ogunlukla ortalama boyutu 50 nm’den kii¢iik olan kiiresel nano pargaciklardan
olustugu belirlenmistir. Artan ylizey piiriizliliik degeriyle mikrosertlik degerlerinde artis
gozlenmistir. Kaplama sonrasi mikrosertlik degerlerinde belirgin artiglar tespit edilmistir.
Kaplama sonras1 temas agis1 6l¢lim sonuglarina gore tiim numunelerin yiizeyinde 6l¢iilen temas
acilar1 90°’den kiiciiktiir. Ti6Al4V alasiminin kaplama Oncesi artan yiizey piiriizliiliik degeri ile
yiizey temas acis1 azalmistir ve yayilim artmigtir.

Anahtar Kelimeler : Nanoteknoloji, yiizey piiriizliiliigii, kaplama, temas agisi.
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1. GIRIS

Ti6Al4V alasimi, olaganiistii korozyon direnci, miikkemmel mekanik 6zellikleri, kemik benzeri
elastikiyet modiilii, diisiik yogunlugu ve minimum alerjenik potansiyeli nedeniyle ortopedi, dis
hekimligi ve diger tibbi alanlarda metalik implant ve protez malzemesi olarak yaygin olarak
kullanilmaktadir [1,2]. Bununla birlikte, metal bazli implantlar, korozyon, asinma ve yorgunluk
dahil olmak iizere viicut sivilar1 ve organlarla etkilesimler sonucunda yiizey bozulmasi
yasayabilir. Metal bazli implantlarin yiizey kalitesi, performanslari, giivenilirlikleri ve dmiirleri
icin kritik 6neme sahiptir. Hem malzemenin dogal fiziksel 6zellikleri hem de implantin dis
katmaninin ylizey biitiinliigli bu kalite iizerinde etkilidir. Farkli metal esasli nanopartikiillerle
(NP'ler) implant yiizey kaplamasi, ylizey 6zelliklerini gelistirmek, islevselligi iyilestirmek ve
koruma saglamak i¢in 6nemli bir odak noktasi haline gelmistir [3-6]. Metal esasli NP’ler, daha
biiylik oOlcekli sistemlerde bulunmayan ayirt edici Ozelliklere sahip olduklar i¢in cesitli
alanlarda yeni iglevlere olanak tanir. Bu nedenle, malzeme bilimi, elektronik, saglik hizmetleri
ve enerji alanlarinda yaygin olarak kullanilmaktadir [7,8]. Metal esasli NP'ler, islevsellik,
mekanik direng, korozyon direnci ve biyolojik aktivite gibi yiizey oOzelliklerini gelistirme
yetenekleri nedeniyle kaplama malzemeleri olarak 6nemli ilgi gormiistiir [9]. Metal ve metal
oksit NP'leri, miikemmel mekanik, kimyasal ve optik 6zellikleri nedeniyle kaplamalarda yaygin
olarak kullanilmaktadir [10]. Bunlar arasinda, ZnO NP'leri giicli UV engelleme yetenekleri,
yiiksek termal kararliliklar1 ve antibakteriyel etkileri nedeniyle 6ne ¢ikmakta ve bunlar gesitli
endiistrilerde koruyucu kaplamalar i¢in ideal hale getirmektedir [11]. Bitki 6zleri kullanilarak
sentezlendiklerinde, bu NP'ler biyolojik aktivite, azaltilmis toksisite ve ¢evresel etki dahil
olmak iizere ek avantajlar sunmaktadir [12]. Bitkilerden elde edilen ZnO NP'leri yalnizca
istenen islevsel oOzelliklerini korumakla kalmaz, ayni zamanda tehlikeli kimyasallarin
kullannmin1 azaltarak ve atik olusumunu en aza indirerek siirdiiriilebilirlik hedefleriyle de
uyumludur [13]. Yesil yolla sentezlenen metal esasli NP’lerin bir diger kullanim alan1 da yiizey
kaplamalaridir.

Kaplamalarin yiizey biitlinliigii, yapisma mukavemeti, optik 6zellikler ve katalitik aktivite dahil
olmak tizere performans 6zelliklerini tanimlamada kritik dneme sahiptir. Yiizey biitiinliigiiniin
temel yapisal yonii olan yiizey piiriizliiliigiiniin 6tesinde, yiizey topografyasi, mikro yap1 ve
mikro sertlik gibi faktorler de metalik biyo-implantlarin ¢ok islevli performansina énemli
Olctide katkida bulunur [14,15]. Son yillarda implant uygulamalarinda popiilerlik kazanan
ylizey modifikasyonlari, implantlarin biyouyumlulugunu ve islevselligini artirmak i¢in etkili
coziimler sunar. Caligmalar, bir implantin mekanik 6zelliklerinin, tasariminin, uyumlulugunun
ve yiik iletiminin yiizey biitiinliigiinden biiylik 6l¢iide etkilendigini gdstermektedir. Yiizey
ozellikleri kemik dokusu iyilesmesi i¢in dnemlidir; titanyum (Ti) ve alagimlar1 ¢cok reaktiftir ve
mikroplarin biiyiimesini etkiler [16]. Yiizey piriizliligi kaplanabilirlikle yiksek bir iligki
gosterir ve bakteriyel yapismay1 6nemli 6lgiide etkiler [3,14,15,17]. Bu ¢alismada, yesil yolla
sentezlenen ZnO NP’lerin yiizey piiriizliliigli ¢cevreci ve uygun maliyetli bir yontem olan
tornalama ile piirizlendirilmis Ti6Al4V altlik malzemelere kaplanmasi sonras1 morfolojik ve
1slanmazlik 6zelliklerinin incelemesi gerceklestirilmistir.
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2. DENEYSEL CALISMALAR

2.1. Althk Malzemelerin Hazirlanmasi

Ti6Al4V titanyum alasimi bar formunda Varzene Metal Firmasmdan temin edilmistir. Firmadan
temin edilen spektral analiz raporunda bulunan malzemenin kimyasal icerigi Cizelge 1’de
sunulmustur. ZnO NP’lerin hazirlanma siireci ile ilgili detayli bilgi daha 6nceki ¢aligmalarda verilmistir
[18]. Ti6Al4V alasimli alt tabaka pargalari, 2 mm kalmhginda ve 25 mm ¢apinda silindirik bir bloktan
kesilerek hazirlamistir. Kesme islemi, X ve Z eksenlerine sahip bir CNC makinesinde, 550 mm igleme
ve 3000 rpm hiz kullanilarak YoulJi Machine Industrial Co. LTD. tarafindan gergeklestirildi. Kesme
islemi sirasinda %95 su ve %5 ESTRA 320 mikro emiilsiyon metal isleme sivisindan olusan bir kesme
stvist  kullanildi.  Cizelge 2’de verilen kesme kosullart kullanilarak, kesme igleminde
TiCN+AILOs+TiCN kaplamali bir DNMG 1500608-MKS kesici u¢ kullanilmugtir. Farkli yiizey
piirtizliilik degerlerine sahip pargalar iiretmek icin, kesme hiz1 ve derinligi sabit tutulurken ilerleme
hiz1 degistirildi. 0,15 mm/dev, 0,25 mm/dev ve 0,35 mm/dev ilerleme hizlariyla islenen Ti6Al4V
alasiminin yiizey piiriizliiliigline sirasiyla R1, R2 ve R3 ad1 verilmistir. Hazirlanan altlik malzemeler
kesme s1visi, Kir ve toz gibi safsizliklardan arindirmak amaciyla ultrasonik banyoda etanol-aseton-saf
su karisiminda 30 dak boyunca temizlenmistir. Ardindan 80 °C sicaklikta 30 dak etiivde kurutulduktan
sonra, damlatma kaplama yoluyla ZnO NP’lerle kaplama islemi gerceklestirilmistir.

Cizelge 1. Altlik malzemelerin kimyasal kompozisyonu

Element Al \% Fe C N H (0] Ti
Miktar
(ag.%)

6,09 3,91 0,13 0,02 0,01 0,001 0,09 Kalan

Cizelge 2. Deneysel ¢aligmalarda kullanilan tornalama parametreleri

Kesme hizi, m/dak Ilerleme hizi, mm/devir ~ Kesme derinligi, mm
0,15
100 0,25 2
0,35

2.2. Karakterizasyon Calismalari

Yiizey morfolojisi ve element haritalamasi, FEI tarafindan QUANTA FEG 250 SEM ile enerji
dagilimli  X-151m1  spektroskopisi (EDS) modu kullanilarak gergeklestirilmistir. Yiizey
puriizlilliik 6l¢timleri, Mitutoyo marka Surftest SJ-210 model cihaz1 ile gergeklestirilmistir.
Yiizey piiriizlilliikk degerleri bes 6l¢glimden sonra ortalama alinarak belirlenmistir. Yiizeylerin
stereo mikroskop goriintiileri ve sertlik 6lgtimleri YAMER marka YHV-50Z dijital mikro-
Vickers sertlik test cihazi kullanilarak elde edilmistir. Sertlik degerleri {i¢ 6l¢limden sonra
belirlenmistir. Kaplamasiz ylizeylerde kaplama ¢ozeltisinin dagiliminin yiizey piiriizliiliigline
bagl olarak degisimi temas agis1 Olgiim yontemi ile gergeklestirildi. Incelemeler uygun

68



iR
A LORFERER
5 v,

,

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI
ISBN NR. : 978-625-5962-60-7

ACADE

My 03

8
onmsn®

www.skademikongre.arg

maliyetli ve kullanim1 kolay yapay zeka destekli bir yontem kullanilarak gerceklestirilmistir.
Temas acist analizi i¢in damlacik goriintiileri 640x480 piksel goriintii ¢oziiniirliigiine sahip
Nikon marka D3000 model 10 MP ¢oziiniirliklii cihaz kullanilarak alinmistir. Cekimler
kontrast ve seri ¢ekim modunda yapilmistir. Kamera damlay yiizeye dik agidan gorebilecek
sekilde yerlestirildi ve fotograflar1 ¢ekilmistir. Tlim temas agilar1 oda sicakliginda (25 °C) her
damlacik i¢in 5 pL olarak ol¢iilmiistiir. Olas1 topografik homojensizlikleri hesaba katmak igin
her numune i¢in temas agisi degeri ayni numune iizerinde segilen {i¢ farkli pozisyonun
ortalamasidir. Yiizeye birakilan damlanin sag ve sol taraflarinin temas agilar1 Olgiilerek
ortalamas1 almmustir. Olgiimler Image J programinda drop analysis-LB-ADSA modunda
gerceklestirilmistir.

3. SONUCLAR VE DEGERLENDIRME

Farkl ylzey plruzlilik degerlerinde hazirlanan Ti6Al4V altlik malzemelerin kaplama sonrasi
SEM-EDS goruntileri farkh biylitmelerde olacak sekilde Gorsel 1-3'te sunulmustur. Yapilan
incelemelerde tim ylzeylerde araliksiz ve sirekli bir sekilde ZnO NP’lerle basarih sekilde
kaplama gerceklestirilmistir. ZnO NP’lerin kiiresel sekli tim yilzeylerde belirgindir. R1 kodlu
numunelerde (Gorsel 1) ZnO NP'lerin ylizeyde bazi rastgele kiimelenmis kaplama parcaciklari
olusturdugu gorilmektedir. Bu kiimelenmis parcaciklar ylizeye yapisarak diizensiz bir ylizey
morfolojisi olusturmaktadir. ZnO NP'ler yilizeyde nispeten homojen bir boyut araliginda
dagilmistir. Kiiresel sekle yakindir ve aglomerasyon diger numunelerden daha fazladir. R2 kodlu
numunelerde (Gorsel 2) belirgin sekilde kiresele yakin bir formda ZnO NP'lerin olustugu
gorilmektedir. Nano yapilarin parcacik boyutlari birbirine ¢ok yakin ve dagilimlari oldukca
homojendir. Aglomerasyonun fazla olmadigl bir kaplama gorintisi vardir. R3 kodlu
numunelerde (Gorsel 3) nanoyapilarin oldukca homojen bir dagilim sergiledigi ve kiiresel
formda oldugu goériilmektedir. Yiizeye tutunan nanoyapilarin formu yilizey purizIlGlGginin
artmasiyla degismistir. Bu, substrat ylzeyinin kaplamanin blylimesini 6nemli 6l¢lde
etkiledigini ve NP'lerin boyutunu, seklini ve dagilimini belirlemede 6nemli bir rol oynadigini
gostermektedir. Goriuntilere genis planda bakildiginda baglanmanin iyi oldugu ve kaplama
yapisinin  katmanh bir goriintiiye sahip oldugu goriilmektedir. Sonu¢ olarak, ylzey
plrizlildginin kaplama morfolojisi, boyutu ve boyut dagilimi Uzerine belirgin oranda
etkisinin oldugu soylenebilir. Purlzsiz ylzeylerle karsilastirildiginda, plrtzla yizeyler NP'lerin
yayllmasi icin daha fazla ylizey alanina sahiptir. Ylizey purizlGligi degistikce, mikro yapisal ve
ylizey bilesimindeki degisiklikler nedeniyle vyizeylerde olusan nanoyapi kiimelerinin
boyutunda, seklinde ve miktarinda degisiklikler olacagi rapor edilmistir [19-21]. Bu ¢calismadan
elde edilen sonuclara gore, ylizey purazliliginin kaplama morfolojisi, boyutu ve boyut
dagilhimi Uzerine belirgin oranda etkisinin oldugu soylenebilir.
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Gorsel 1. R1 kodlu numunelerin SEM-EDS goériintiileri a) x50.000 b) x5.000 ve ¢c)EDS
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Gorsel 2. R2 kodlu kaplanmis numunelerin SEM-EDS goriintiileri a) x50.000 b) x5.000 ve c)EDS

71



NFER
h“'\ o E”ff'.r ¢
<7

MUNZUR 8th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
April 11 - 13, 2025- TUNCELI

ISBN NR. : 978-625-5962-60-7

P«U«DE”’.

www.skademikongre.arg

18.9K

16.8K

14.7K

12.6K

10.5K

8.4K

Intensity

63K

4.2K

21K

0.0
0.00 100 2.00 3.00 400 5.00 6.00  7.00 800  9.00

Encrgy (keV)

Gorsel 3. R3 kodlu kaplanmis numunelerin SEM-EDS goriintiileri a) x50.000 b) x5.000 ve c)EDS

Cizelge 3’te farkh purizlilik degerindeki Ti6Al4V pargalarin kaplama 6ncesi ve Zencefil/PEG-
ZnO NP ile nano-dlcekte kaplama sonrasi ortalama purizlilik degerlerindeki degisimler
verilmistir. Tabloda kaplama dncesi ve sonrasi farkli purizltlik degerlerinde yarattigi farklihk %
olarak verilmistir. Althk malzemesinin farkl ylizey pirizltlik degerleri Ti6Al4V alasim ylizeyinin
farkliilerleme hizlarinda tornalanmasiyla elde edilmistir. Tornalama islemi sonrasinda ilerleme
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hizinin 0,15 mm/dev'den 0,25 mm/dev'e cikarilmasi Ra degerinde %50,46'lik bir artisa yol
acarken, 0,25 mm/dev'den 0,35 mm/dev'e ¢ikarilmasi Ra degerinde %27,76'luk bir artisa yol
acmistir. Elde edilen sonuglara gore, ilerleme hizinin artmasiyla ortalama ylizey purdzltluk
degerlerinde belirgin artislar olmustur. Nano Olgcekte gerceklesen kaplamalar ylzey
plrazlGlGgini mikrometre cinsinden azaltmisti. R1, R2 ve R3 kodlu numunelerin ylzey
plrtzlilik degerleri ZnO NP’ler ile kaplama sonrasi sirasiyla %13,836, %16,48 ve %9,65
oraninda azalma gostermistir. Kaplama sonrasi plrtzsuzliikteki artis, R1 kodlu numuneden R3
kodlu numuneyle dogru yani plrizli ylizeylere sahip pargalarda daha azdir. Yizey
plrazliligindeki azalmanin temel nedenleri kaplama malzemesi olarak nano boyutta
parcaciklarin kullanilmasi ve 6l¢ciimiin mikron olgeginde yapilmasi ile agiklanabilir.

Cizelge 3. Farkl ylizey piurtzlilik degerindeki parcalarin kaplama 6ncesi ve sonrasi
ortalama yiizey purizlilik degerlerindeki degisim

Numune Kaplamasiz ZnO NP Kaplamah o
Kodu Yiizey piiriizlilliik, pm  Yiizey piiriizliiliik, pm Farkhiik, %
R1 1,185 £0,122 1,021 £0,268 -13,83 %
R2 1,783 £0,268 1,489 +0,397 -16,48 %
R3 2,278 £0,398 2,058 £0,566 -9,65 %

Cizelge 4'te, ylizey purtzlulugu farkl olan Ti6Al4V altliklarin kaplanmamis ve Zencefil/PEG-ZnO
NP’ler ile kaplanmis makro ylizey goriintileri ve mikro sertlik 6l¢iim sonuglari gérilmektedir.
Makro ylzey gorintileri, alt tabaka purizliligindeki artisin kaplamanin makro olgekli
morfolojisini etkiledigini gdstermektedir. Ylizey topografyasindaki islemeden kaynakl oluklar
ve tepelerin rastgele dagilimi s6z konusudur. Kaplanmamis yizeylerin gorintilerinde farkh
miktarlarda ylizey plrizliligu agikca gorilmektedir. Yuzeydeki kaplamanin dagilimi, alinan
stereo mikroskop gorintilerinde goriilmektedir. Bu goriintlilerden kaplamalarin streklilik
gosterdigi, kaplama ylizeylerinde gatlak veya delaminasyona rastlanmadigi anlasiimaktadir. R1
kodlu numunede daha dar aralikli kesme cizgileri gbzlenirken, diger numunelerde daha byulk
ve keskin aralikli kesme cgizgileri gézlemlenmektedir. Optik goriintiler, isleme sonucu olusan
mikro Olcekli kanallari ve oluklari gostermektedir. Bu kesme oluklarinin sekli, boyutu ve orani,
isleme parametreleriyle ayarlanabilir. Calismamizda kullandigimiz talash imalat teknigi
yluzeydeki oluk yapisinin kontrol edilebilirligi acisindan kontrol edilebilir bir teknik niteligi
tasimaktadir. Sertlik degisimleri incelendiginde, artan ylizey puirtzlilik degeriyle sertlik degeri
de artmaktadir. Kaplama dncesi, R1 kodlu numuneden R2 kodlu numuneye sertlik degeri %5,7
artis gosterirken, R2 kodlu numuneden R3 kodlu numuneye %6 artis gostermistir. Kaplama
sonrasl tim numunelerde belirli miktarda sertlik artisi gézlenmesine ragmen, en yliksek sertlik
artisi R1 kodlu numunede belirlenmistir. Kaplama sonrasi R1 kodlu numuneden R2 kodlu
numuneye sertlik degeri %8,3 artis gosterirken, R2 kodlu numuneden R3 kodlu numuneye %3,4
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artis gdstermistir. isleme parametrelerine bagl olarak degisen yiizey bitiunligu 6zellikleri
sertlik degerinde de belirgin degisikliklere neden olabilmektedir.

Cizelge 4. Farkli ylizey puriuzliliigiine sahip numunelerin stereo mikroskop gortintiileri ve
mikro sertlik degerleri.

N;n{::::e Kaplanmamis numune yiizeyleri Kaplanmis numune yiizeyleri
Rl
= ",;ﬂ_.\. ‘c ‘-
3476 HV1
Ky
R2
376 3 HV1
R3
3806 HV1

Temas acisi (B) bir katinin bir siviyla islatilmasinin nicel olarak derece cinsinden (°) dl¢tlmesidir.
Temas agisi, sivi ve kati arasinda bulunan temas cizgisi ile kat ylizey arasinda olusan acidir. Kati
ylzey lGzerinde sivinin olusturdugu islakhgl tanimlamada temas aci degeri yardimci olur. Yizey
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plrizIlGlagu ve temas acisi arasinda gliclt bir iliski vardir [7,22,23]. Farkli ylizey purizlilak
degerlerine sahip kaplama 6ncesi ylzeylerin ve Zencefil/PEG-ZnO NP’ler ile kaplama sonrasi
Ti6Al4V alasim vylzeylerinin temas acisi 6l¢im sonuglari Cizelge 5’te verilmistir. Tim
numunelerin yiizeyinde 6lgllen temas agilari 90 ’den kii¢lik oldugu icin hidrofilik yani islanir
Ozellik gosterdigi soylenebilir. Kaplamasiz Ti6Al4V alagiminin artan ylizey pulrizltlik degeri ile
temas agisi azalmistir ve yayilim artmistir. Tim yizeylerde Ti6Al4V alagiminin temas agisl,
ylizeyin Zencefil/PEG-ZnO NP’ler ile kaplanmasi sonrasi artmistir ve sivinin kat ylizey (izerinde
yayihmi azalmistir. Artan temas agisi ile 1slanmazlik yani yiizeyin hidrofobik 6zelligi artmaktadir.
Azalan temas agisi ile islanabilme yani ylzeyin hidrofilik 6zelligi artmaktadir ve damlacigin
yayihm istegi artmaktadir. Sonug olarak; ylzey plrizlGliglu degerindeki degisim ve nano yapi
ile degisen ylizey ozellikleri ylizey temas acisi ve ylzey islanabilirligi Gzerinde belirgin bir etkiye
neden oldugu belirlenmistir.

Cizelge 5. Farkli ylizey purizliiliik degerlerine sahip kaplanmamis ve kaplanmis
numunelerin temas agisi ol¢glim sonuglari.

Numune

Kodu Kaplanmamis numune yiizeyleri Kaplanmig numune yiizeyleri

63.435 67.717

Cad

Rl

59.985

59.425 60.313

4. GENEL DEGERLENDIRME VE SONUCLAR

Farkli ylzey puruzlilik degerlerinde Ti6Al4V alasim ylizeylerinin elde edilmesi talash imalat
tekniklerinden olan tornalanma ile gergeklestirmistir. Elde edilen sonuglara gére, tornalamada
kesme parametrelerinden biri olan ilerleme hizinin arttirilmasiyla ortalama ylzey purazltlik
degerlerinde belirgin artislar gerceklesmistir. Ti6AI4V alasiminin islenmesinde de siklikla tercih
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edilen tornalama islemi, kesme parametrelerinin optimize edilmesi, boyutsal dogrulugun
saglanmasi, ylizey bitlnliginiin korunmasi ve ekonomik bir teknik olmasi agisindan biyuk
avantajlar sunmaktadir. Ti6Al4V alasim ylzeylerinin Zencefil/PEG-ZnO NP’ler ile kaplanmasi
sonrasl, degisen ylizey pirizlilGgu ile ylizey mikroyapisinda ve ylizey bilesiminde degisiklikler
olmasindan kaynakli ylizeyi kaplayan nanoyapi kiimelerinin boyutunda, seklinde ve miktarinda
degisiklikler olmustur. Zencefil/PEG-ZnO NP’ler ile kaplanmis ylzeylerin ylzey purizlilak
degerleri, kaplanmamis vylzeylere gore daha disik tespit edilmistir. Kaplama sonrasi
plrizsizlikteki degisim plrizli ylizeylere sahip pargalarda daha azdir. Kaplama sonrasi makro
ylzey gorintllerinde gatlak veya delaminasyona rastlanmamistir. Artan ylzey purizltlik
degeriyle mikrosertlik degerlerinde de artis gozlenmistir. Kaplama sonrasi mikro sertlik
degerlerinde belirgin artislar tespit edilmistir. Kaplama 6ncesi ve sonrasi temas acisi 6lcim
sonuclarina gore tim numunelerin yilzeyinde o6lclilen temas acilari 90°den kicuktir. Bu
sonuca gore tim numuneler hidrofilik yani islanir 6zellik gostermektedir. Bu sonuglar 1s1ginda,
ylzey purizlGlugl degerindeki degisim ve nano yapi ile degisen yilzey 6zellikleri ylizey temas
acisi ve ylzey islanabilirligi Gizerinde belirgin bir etkiye sahiptir.
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OZET

Bu calisma, ¢evre dostu yesil bir sentez yontemi olarak bilinen ultrason destekli bitki aracili
sentez yontemi kullanilarak Zingiber officinale (zencefil) 6ziitii ile ZnO NP'lerini basariyla
sentezlemeyi amaglamaktadir. ZnO NP'ler biyopolimerik bir matris icerisinde sentezlenmesi
icin optimizasyon ¢alismasi gergeklestirilmistir. ZnO NP'ler, hacimsel oran, PEG miktari,
sonikasyon igslem genligi ve islem siiresi parametreleri optimize edilerek bitki 6ziitii (ZO) ve
biyopolimerik (polietilen glikol, PEG) karisim matrisinde sentezlenmistir. Nihai ¢ozeltiler
optimizasyon i¢in UV-Vis ile karakterize edilmistir. Ayrica, optimum ZnO NP'ler TEM, XRD,
FTIR ve SEM gibi yontemlerle karakterize edilmistir. Analizler sonucunda, ZnO NP’lerin
biyopolimer matris igerisinde basari ile sentezlendigi ve ¢ogunun kiiresel bir morfolojiye sahip

oldugu, ortalama boyutlar1 22,17 nm ve hekzagonal wurtzite kristal yapisina sahip oldugu tespit
edilmistir.

Anahtar Kelimeler : Nanoteknoloji, biyopolimer, optimizasyon, yesil sentez.
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1. GIRIS

Cinko oksit (ZnO) nanopartikiiller (NP'ler), benzersiz kimyasal, optik ve elektronik 6zellikleri
nedeniyle onemli ilgi gormiistiir [1]. ZnO NP'leri, yiiksek yiizey alanlari iceren ve islevsel
uygulamalar i¢in uygun olan inorganik nanokristalin bir metal oksittir. ZnO NP'leri,
fotokatalizde [2], biyosensorlerde [3], giines hiicrelerinde [4] ve tibbi uygulamalarda [5]
kapsamli kullanim alani bulmaktadir. Ancak, NP'ler i¢in kimyasal ve fiziksel yollar gibi
geleneksel sentez yontemlerinde genellikle ¢evresel ve ekonomik siirdiiriilebilirlik zorluklar
ortaya ¢ikarmaktadir [6,7]. Bu baglamda, ¢evre dostu ve siirdiiriilebilir sentez yontemlerinin
gelistirilmesi biiyilk 6nem tagimaktadir. Bitki 6zleri kullanilarak yesil sentez yaklasimlari,
toksik kimyasallarin kullanimini en aza indirerek ve enerji tiikketimini azaltarak Onemli
avantajlar sunmaktadir [9,10]. Literatiirde daha 6nce yapilmis bilimsel ¢aligmalarda, farkli
ozelliklere sahip bitki ekstraktlarindan ZnO NP'ler biyosentezlenmistir [8-12]. Bitkisel yesil
sentez yonteminin NP’ler elde etmek icin kullanilmasi, ¢evreye verilebilecek olasi zarari
azaltma ve dengeleme potansiyeli nedeniyle daha giivenli ve ¢evre dostudur. Bu amagla, bu
caligmada ultrason destekli bitki aracili sentez teknigi kullanilmigtir. Ultrason destekli teknik,
sonikasyon olarak da bilinir. Bu teknikte, ultrasonik ses dalgalar1 kullanilarak ve kavitasyon
etkisiyle malzeme {iizerinde yliksek basing ve sicaklik yaratilarak nanoyapi olusumlari
gerceklestirilir [13-15]. Cesitli sentez yontemlerinde verimliligi artirmak i¢in bir yardimci
olarak tercih edilebilir [16]. Zingiber officinale, yaygin olarak zencefil olarak bilinir, tibbi ve
mutfak kullanimlari i¢in yaygin olarak taninan bir bitkidir [17,18]. Zencefil yiiksek antioksidan
icerigi ve biyolojik olarak aktif bilesikleri ile taninan bir bitkidir [19] ve bu da onu ZnO NP'lerin
yesil sentezi i¢in umut verici bir aday haline getirir.

ZnO NP'ler genis bir uygulama yelpazesi sunmaktadir ve yesil sentez yontemleriyle gevre ve
insan saghigi icin daha giivenli bir sekilde iiretilebilir. Tiim biyosistemler diizglin bir sekilde
islev gormek icin biiylik 6l¢iide antioksidanlara ihtiya¢ duyar. Ancak NP'lerin mekanizmalari
ve standardizasyon eksikligi nedeniyle daha fazla arastirma gereklidir. Sonug olarak, daha etkili
ve daha az toksik olan dogal kaynaklardan iiretilen yenilik¢i ve glivenli antioksidanlari
arastirmaya acil ihtiyag vardir. Bu ¢alismada, zencefil tozu ve PEG biyopolimer karisim matrisi
kullanilarak ZnO NP'ler i¢in yeni bir ultrason destekli bitki aracili sentez yontemi test
etmektedir. Bu ¢alismanin amaci, Zencefil/PEG karigim matrisi kullanilarak ZnO NP'ler i¢in
cevre dostu bir sentez yontemi gelistirmek ve optimize etmektir. Ek olarak, hazirlanan NP'ler,
bu yeni yontemin ZnO NP'leri i¢in geleneksel sentez tekniklerine kiyasla avantajlarin1 ve
potansiyel uygulamalarini vurgulamak i¢in ¢esitli yontemlerle karakterize edilmistir.
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2. DENEYSEL CALISMALAR

Zingiber  officinale  (zencefil) tozu Naturdan firmasindan temin  edilmistir.
Zn.(CH3CO0)2.2H20 tuzu ve PEG400 (400 kDa) sirasiyla Sigma-Aldrich ve Fluka
firmalarindan temin edilmistir.

Zencefil 6zii ZnO NP’leri indirgeyici ve stabilize edici ajan olarak kullanilmistir. Zencefil
Oziinlin hazirlanmas1 asamasinda ilk olarak zencefil tozlar1 destile su ile iki kez yikanmis ve
ardindan etiivde 8 saat siire ile 100 C’de kurutulmustur. Kurutulan tozlardan 5 g alinarak 100
mL destile su icerisine eklenmis, manyetik karistiricida 10 dak 100 rpm’de karistirdiktan sonra,
steril kap igerisinde karanlik bir ortamda sabit bir sekilde 3 giin boyunca bekletilerek 6z
olusmasi beklenmistir. Ardindan dekantasyon yapilarak, zencefil 6zii elde edilmistir.

Optimizasyon ¢alismasinda 6z/tuz orani, PEG miktari, sonikasyon islem siiresi ve genlik
miktar1 degisken olarak kullanilmistir. ZnO NP’lerin sentezi icin ilk olarak tuz ¢ozeltileri
hazirlanmistir. 0.447 g Zn.(CH3C0O)2.2H,0, 150 mL destile su igerisine eklenerek 0,01 M Zn
tuzu ¢ozeltisi hazirlanmistir, 10 dak manyetik karistiricida karigtirilmistir. 0,4 g NaOH 150 mL
destile su igerisine katilarak, 10 dak manyetik karistiricida karistirilmistir. Bitkisel sentezin ilk
asamasi olan, tuz onciileri ve bitki 6ziiniin karistirilmasi isleminde toplam hacim 45 mL olarak
sabit tutulmustur. Zencefil 6zii/tuz oraninda degisken parametreler olarak, 1:1, 1:2 ve 2:1 (v/v)
oranlar1 kullanilmistir. Ornegin, 1:1 numunesinde, 22,5 mL zencefil 6zii, 22,5 mL Zn tuzu
almarak sentez gerceklestirilmistir. Cizelge 1’de verilen farkli parametrelerde sentez
gerceklestirilmistir. Hazirlanan Zencefil 6zii/tuz ¢ozeltilerine PEG ilavesi gerceklestirildikten
sonra karistirma iglemi uygulanmistir. Ardindan sonikasyon igslemi uygulanarak ZnO NP’lerin
sentezi gergeklestirilmistir. Optimizasyon i¢in 9 numune hazirlanmistir. Hazirlanan numuneler
UV-Goriiniir Bolge spektroskopisi (UV-Vis) ile incelenmistir. Optimum parametreler
bulunarak ardindan optimum ¢6zelti olusturulmus ve diger karakterizasyon islemleri
gergeklestirilmistir.

Cizelge 1. Optimizasyon icin hazirlanan numuneler ve degisken parametreler

Numune Hacimsel oran (v/v) PEG % Genlik Zaman (dak)

1 2:1 02¢g 15 5
2 1:1 02¢g 15

3 1:2 02¢g 15 5
4 1:1 0,1g 15 5
5 1:1 0,3¢g 15 5
6 1:1 02¢g 10 5
7 1:1 02¢g 20 5
8 1:1 02¢g 15 2,5
9 1:1 02¢g 15 10
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Hazirlanan ZnO NP soliisyonunun Kkarakterizasyonu i¢in UV-Vis, X-isim1  kirinim
spektrometresi (XRD), Fourier doniisiimlii kizil Gtekisi spektroskopisi (FTIR), taramali
elektron mikroskobu (SEM) ve gegirimli elektron mikroskobu (TEM) kullanilmistir. UV- Vis
analizinde PG Instruments marka T80+ dual-beam model, XRD analizinde PANalytical marka
Empyrean model (40 kV ve 15 mA Cu-Ka 1s1n1 ile), FTIR analizinde Perkin Elmer marka

Spectrum Two model, SEM analizinde Zeiss-Sigma 300 cihazi ve TEM analizinde Hitachi
High Tech HT7700 cihaz1 kullanilmistir.

3.SONUCLAR VE DEGERLENDIRME

Optimizasyon i¢in hazirlanan 9 farkli numune UV-Vis analizi ile incelenmis ve optimum
parametreler belirlenmistir. Gorsel 1’de numunelerin analiz sonuglar1 verilmistir. UV-Vis
analizinde literatiirden de bilindigi lizere, metal/metal oksit NP’ler sekil, boyut ve dagilimlarina
gore belirgin bir yiizey plazmon davranisi sergileyerek, kirinim gosterirler. Literatiirde bitkisel
aracil1 sentez yoluyla sentezlenen ZnO NP’lerin karakteristik piklerinin 300-380 nm arasinda
olustugu bilinmektedir. Optimizasyon i¢in farkli parametrelerle hazirlanan numunelerin
gorselde verilen grafiklerde 301 nm’de pik olusturdugu goriilmektedir. Grafikler
incelendiginde 2:1, 0,2 PEG, 20 Hz ve 10 dak parametrelerinin optimum oldugu tespit
edilmistir. . Detayli olarak incelendiginde PEG katkisinin anlamli bir degisime yol agmadig,
genlik derecesi ve sonikasyon siiresinin anlamli bir etkiye sahip oldugu goriilmektedir.
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Gorsel 1. Farkl parametreler ile hazirlanan ZnO NP’lerin UV-Vis analiz sonuclar1 a) hacimsel
oran, b) PEG miktari, c) genlik, d) sonikasyon siiresi
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Zencefil/PEG-ZnO NP’lerin kristal yapilarini ve fazlarini belirlemek igin gergeklestirilen XRD
analizi sonucunda elde edilen kirinim deseni Gorsel 2’de verilmistir. XRD analizi sonucunda
(100), (002), (101), (102), (110), (103) ve (112) diizlemlerine karsilik gelen pikler tespit
edilmistir. Bu kirmnim desenleri sonosentezlenen ZnO NP'lerin hekzagonal wurtzite kristal
yapisina sahip oldugunu gdstermektedir. Gozlemlenen tepeler belirgin bir kristal yapiy1
gostermektedir ve ZnO NP'lerin kirinim deseni kart numaras1 JCPDS veri dosyasi No.36-1451
ile eslesmektedir [20]. Gorsel 2(b)’de ZnO NP’lere ait FTIR spektrumu verilmistir. Grafik
incelendiginde, 3302 nm™ titresimi hidroksil grubu (O-H titresimi) gerilme titresimleridir ve
Zencefi/PEG karisim matrisinden kaynaklanan su veya fenolik bilesiklerin varligini
gostermektedir. 1635 nm? (C=0) gerilme titresimleri Zencefil tozu oziitlerindeki
flavonoidlerin karbonil gruplarin1 gostermektedir. 667 nm™ ve 416 nm™'e karsilik gelen pikler
Zn-O baglarinin varhigini gosteren karakteristik piklerdir [21,22].

(101)

Intensity (Counts)

4 =)
=]
= z |
- :'__; 16
5
4 . —_ E |
o S = 1635
o = — =
=] =
7 —~ S w
o —
s .= 3302
l L. W IS | 667
10 20 30 40 50 60 70 80 90 4000 3500 3000 2500 2000 1500 1000 500
2Theta (Degree) Wavenumber (cm™)
a) b)

Gorsel 2. ZnO NP’lerin a) XRD spektrumu ve b) FTIR spektrumu

Optimum sartlar ile sentezlenen ZnO NP'lerin sekil ve boyut incelemeleri i¢in SEM ve TEM
analizi incelemeleri gerceklestirilmistir. Gorsel 3’te sonokimyasal sentezden sonra
Zencefil/PEG biyopolimer matrisiyle stabilize edilmis ZnO NP'lerin SEM goériintiisiinde,
cogunlukla kiiresel olan ve bazilar diizensiz sekilli olan nano boyutlu parcaciklar acikca
goriilmektedir. TEM gorintiilerinde ZnO NP'lerin varligi koyu renkli noktalar ile kendini
gostermektedir. ZnO NP'lerinin Zencefil/PEG biyopolimer karisim matrisinde oldukca
homojen bir dagilim sergiledigi, yliksek oranda kiiresel bir morfolojiye sahip oldugu ve
boyutlarinin yaklagik olarak 30 nm’nin altinda oldugu goriilmektedir. Bitkilerin yapisinda
bulunan metabolitler nedeniyle stabilizasyon kapasitesinin NP’lerin bagarili sekilde
sentezlenmesi i¢in kullanildig1 ¢aligmalar literatiirde yaygindir. Benzer sonuglar litetariirde
goriilmiistiir [10]. Bu da sonokimyasal yontem ile iiretimin basarili oldugunu gostermektedir.
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a)

Gorsel 3. Sonokimyasal yontemle sentezlenen optimum ZnO NP’lerin a) SEM ve b)
TEM goriintiileri

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calisma, c¢evre dostu bir yesil sentez yontemi kullanarak Zingiber officinale tozlari
kullanarak ZnO NP'leri sentezlenmistir. ZnO NP'leri, UV-Vis spektrumunda 301 nm'de belirgin
bir pik gostermigtir. XRD analizi, ZnO NP’lerin wurtzite kristal yapida oldugunu
gostermektedir. FTIR spektrumu, 667 cm™ ve 416 cm ""de ZnO NP'lerin karakteristik piklerle
basarilt Zn-O bagi olusumunu kanitlamaktadir. Yesil sentez i¢in bitki 6zlerinin kullanimi,
NP'lerin sentezi i¢in ¢evre dostu, basit ve etkili bir yol saglamaktadir. Bitki 6zleri kullanilarak
ZnO NP'lerinin biyolojik sentezi, ZnO NP'lerinin iiretimi i¢in oldukga etkili, hizli ve ¢ok yonlii

bir yaklasimi temsil eder. Calismada basarili olarak sentezlenen ZnO NP’lerin gelismis
uygulamalar i¢in test edilmesi onerilmektedir.
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