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GENEL TANIM / GENERAL DESCRIPTION

Ders Adi / Course Name

Functional Nanomateriais in New Generation Battery Technologies / Functional Nanomateriais in New Generation Battery Technologies

Ders Kodu / Course Code

9105036172022

Ders Tirii / Course Type

Ders Seviyesi / Course Level

Third Cycle / Third Cycle

Ders Akts Kredi / ECTS 8.00
Haftalik Ders Saati (Kuramsal) / 3.00
Course Hours For Week

(Theoretical)

Haftalik Uygulama Saati / Course 0.00
Hours For Week (Objected)

Haftalik Laboratuar Saati / Course 0.00

Hours For Week (Laboratory)

Dersin Verildigi Yl / Year

1

Ogretim Sistemi / Teaching System

Face to Face / Face to Face

Egitim Dili / Education Language

On Kosulu Olan Ders(ler) /
Precondition Courses

Amaci / Purpose

Bu dersin amaci 6grencileri gelismis elektrokimyasal enerji depolama sistemlerinin The aim of this course is to inform students about the new generation battery
cesitleri, bunlarin fiziksel ve kimyasal 6zellikleri, calisma prensipleri, performanslari, tretim | technologies, their working principles, performances, production techniques,
teknikleri, bilesenleri ve bilesenlerin temelini olusturan malzemeler, bu malzemeler components, main materials of these components, electrical and electrochemical
ozelinde sistem iginde gerceklesen elektriksel ve elektrokimyasal siiregler, yiik transfer processes occurring in the system, charge transfer mechanisms and potential

mekanizmalari ve bu sistemlerin potansiyel kullanim alanlarn konularinda bilgilendirmektir. | application areas of these systems.
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igerigi / Content

1.Termodinamik kanunlari, kimyasal potansiyel, elektrolit tanimi, elektrolit olusum
mekanizmalari, elektrolitlerde iyonik ve molar iletkenlik, elektrolitlerde iyon difiizyonu,
elektrot tanimi, elektrot potansiyeli, potansiyel farki, elektrot-elektrolit araylizey
etkilesimleri, elektrot kinetigi (yuk transferi (Butler-Volmer Esitligi) ve kitle transferi
(difizyon kanunlari)) ve iyonik tirler tizerindeki empedans etki mekanizmalari gibi temel
elektriksel ve elektrokimyasal surecler hakkinda bilgi verilmesi

2.Elektrokimyasal hiicrelerin yapisal 6zellikleri, elektrokimyasal hiicre tasarimi,
elektrokimyasal hiicrelerde termodinamik surecler, Nernst esitligi, yakit hiicreleri,
bataryalar ve sliperkapasitdr gibi elektrokimyasal aygitlarin yapim prensipleri, bu aygitlarin
temel galisma parametreleri ve bunlarin belirlenme tekniklerinin anlatiimasi

3.Elektrolit kaynakli kacgaklar ve joule i1sinmasi gibi elektrokimyasal aygitlarda yasanan
problemlerin incelenmesi

4 Batarya teknolojisinin tarihsel gelisimi, birincil tiir (alkalin bataryalar, civa bataryalar,
gumds oksit bataryalari, ginko-hava bataryalar, aliminyum-hava bataryalari, lityum
bataryalari) ve ikincil tiir (Kurgun-Asit bataryalar, NiCd bataryalar, Nikel-metal hidrir
bataryalar Lityum-iyon bataryalar) ve yeni nesil bataryalarin tanimlanmasi, ¢calisma
prensiplerinin, gergeklesen reaksiyon siirecglerinin, teknik 6zelliklerinin ve bu 6zelliklere
bagl performanslarinin agiklanmasi

5.Bataryalardaki ve suiperkapasitorlerdeki bilesenlerin (elektrot, elektrolit, seperator)
yapisinda kullanilan malzemelerin tanimlanmasi, bu malzemelerin batarya performansina
olan etkilerinin agiklanmasi, sistem bilesenleri 6zelinde gerceklesen problemlerin
tanimlanmasi, bilesen temelli potansiyel teknolojik gelismelerin ve hibrit sistemler gibi yeni
nesil batarya teknolojilerinin anlatiimasi

6.Yeni nesil bataryalarin potansiyel uygulama alanlarinin anlatiimasi

1.Laws of thermodynamics, chemical potential, electrolyte definition, electrolyte
formation mechanisms, ionic and molar conductivity in electrolytes, ion diffusion in
electrolytes, electrode definition, electrode potential, potential difference, electrode-
electrolyte interface interactions, electrode kinetics (charge transfer (Butler-Volmer
Equation) ) and mass transfer (laws of diffusion) and basic electrical and
electrochemical processes such as impedance mechanisms of action on ionic species.
2. Structural features of electrochemical cells, electrochemical cell design,
thermodynamic processes in electrochemical cells, Nernst equation, construction
principles of electrochemical devices such as fuel cells, batteries, supercapacitors and
hybrid systems, basic operating parameters of these devices and determination
techniques of these parameters.

3. Some problems such as electrolyte-induced leaks and joule heating in
electrochemical devices

4. Historical development of battery technology, primary type (alkaline batteries,
mercury batteries, silver oxide batteries, zinc-air batteries, aluminum-air batteries,
lithium batteries) and secondary type (Lead-Acid batteries, NiCd batteries, Nickel-
metal hydride batteries, lithium-ion batteries) and new generation batteries, their
working principles, reaction processes, technical features and performances
depending on these features

5. Materials used in the structure of the components (electrode, electrolyte, separator)
in batteries and supercapacitors, effects of these materials on battery performance,
problems that occur in system components, potential technological developments
based on components and new generation battery technologies such as hybrid
systems.

6. Application areas of new generation batteries.

Onerilen Diger Hususlar / Yok -
Recommended Other

Considerations

Staj Durumu / Internship Status Yok -

Kitabi / Malzemesi / Onerilen
Kaynaklar / Books / Materials /
Recommended Reading

1.Huggins R.A., “Advanced Batteries - Materials Science Aspects”, Springer, New York,
USA (2009)

2.Job R., “Electrochemical Energy Storage - Physics and Chemistry of Batteries”, De
Gruyter, Berlin, Germany (2020)

3.Zhang J., Zhang L., Liu H., Sun A, Liu, R-S., “Electrochemical Technologies for Energy
Storage and Conversion Vol 2”, Wiley-VCH, Weinheim, Germany (2012)

4.Pang, H., Cao X., Zhu L., Zheng M., “Synthesis of Functional Nanomaterials for
Electrochemical Energy Storage”, Springer Nature, Singapore (2020)

Huggins R.A., “Advanced Batteries - Materials Science Aspects”, Springer, New York,
USA (2009)

2.Job R., “Electrochemical Energy Storage - Physics and Chemistry of Batteries”, De
Gruyter, Berlin, Germany (2020)

3.Zhang J., Zhang L., Liu H., Sun A, Liu, R-S., “Electrochemical Technologies for
Energy Storage and Conversion Vol 2”, Wiley-VCH, Weinheim, Germany (2012)
4.Pang, H., Cao X., Zhu L., Zheng M., “Synthesis of Functional Nanomaterials for
Electrochemical Energy Storage”, Springer Nature, Singapore (2020)

Ogretim Uyesi (Uyeleri) / Faculty
Member (Members)

Dr. dgretim Uyesi Halide DIKER

Dr. dgretim Uyesi Halide DIKER
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OGRENME GIKTILARI / LEARNING OUTCOMES

Bir elektrokimyasal hiicrenin temel ¢calisma prensibini anlayabilme

To be able to understand the basic working principle of an electrochemical cell.

Yakit hiicresi, batarya ve stiperkapasitor gibi farkli tiirdeki elektrokimyasal aygitlarin galisma
prensipleri ve hedef uygulama alanlan arasindaki farki anlayabilme

To be able to understand the difference between the working principles and target application areas
of different types of electrochemical devices such as fuel cells, batteries, supercapacitors and hybrid
capacitors.

Elektrokimyasal hiicrenin bilesenlerini olusturan malzemelerin molekiiler yapisi ve 6zellikleri ile
elektrokimyasal hiicrenin performansi arasinda iliski kurabilme

To be able to relate the molecular structure and properties of the materials that make up the
components of the electrochemical cell and the performance of the electrochemical cell.

Elektrot ve elektrolit araylizeyindeki etkilesimlerin, yiik ve kiitle transfer mekanizmalarini kavrayabilme

To be able to comprehend charge and mass transfer mechanisms occurring at the electrode and
electrolyte interface.

Elektriksel parametreler ile aygit performanslar arasindaki iliskiyi kavrayabilme

To be able to comprehend the relationship between electrical parameters and device performances.

Calisma voltaji, akim, sarj-desarj akimi, desarj suresi, cevrim sayisi, kapasite, enerji yogunlugu, gig,
verimlilik, yasam 6émru gibi parametrelere bagli olarak sistem tasarimini ve uygulamalarini yapabilmek

To be able to design and implement a system depending on parameters such as operating voltage,
current, charge-discharge current, discharge time, number of cycles, capacity, energy density, power,
efficiency and lifetime.

Elektrokimyasal enerji depolama sistemlerinin tretim ydntemlerini ve teknolojilerini kavrayabilme

To be able to comprehend the cell based production methods and technologies of new generation
batteries

HAFTALIK DERS ICERIGi / DETAILED COURSE OUTLINE
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Hafta / Week

Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
Dersin tanitimi: Kapsami, gerekgesi, Onemi, Kural ve Gerekleri
Introduction to the lecture: Scoop, rules and necessity.
. . Ogretim Yéntem ve = _—
Teorik Dersler / Theoretical Uygulama Lab Tgknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
Elektrokimyanin Temelleri: Termodinamik kanunlar, elektrolit olusum ]
mekanizmalari, elektrolitlerdeki elekiriksel ve elektrokimyasal stregler Internet ve kitiphane taramasi -
hakkinda bilgi verilmesi
Fundamentals of Electrochemistry: Giving information about the laws
of thermodynamics, an explanation of the electrolyte formation | .
) - A nternet and Library Search -
mechanisms, and electrical and electrochemical processes that occur
in electrolytes.
. . Ogretim Yontem ve - B
Teorik Dersler / Theoretical Uygulama Lab Tgknikleri/Teaching Methods On Hazirlik / Preliminary
Technigues
Elektrokimyanin Temelleri : Elektrot Potansiyeli, elektrot-elektrolit ara
yuizey etkilesimleri, kiitle transferi ve yUk transferi gibi elektrot kinetigi internet ve kiitiiphane taramasi -
konularinda bilgi verilmesi
Fundamentals of Electrochemistry: Giving information on electrode
kinetics such as electrode potential, electrode-electrolyte interface Internet and Library Search -
interactions, mass transfer and charge transfer.
Teorik Dersler / Theoretical Uygulama Lab ?g&ﬁ;ﬁ;gﬁg:gﬁiﬁz Methods On Hazirlik / Preliminary
Techniques
Elektrokimyasal Aygitlarin Yapisi, Dizayni ve Yapimi:
Elektrokimyasal hiicrelerin yapisal 6zellikleri, elektrokimyasal hiicre i -
h 2 . o nternet ve kitliphane taramasi -
tasanmi, elektrokimyasal hiicrelerde termodinamik siiregler,
elektrokimyasal aygitlarin yapim prensipleri konularinda bilgi verilmesi
Structure, Design, and Construction of Electrochemical Devices:
Giving information on the structural features of electrochemical cells,
electrochemical cell design, thermodynamic processes in Internet and Library Search -
electrochemical cells, and construction principles of electrochemical
devices.
Teorik Dersler / Theoretical Uygulama Lab Ogretim Yontem ve On Hazirlik / Preliminary

Teknikleri/Teaching Methods
Techniques

Elektrokimyasal hiicrelerin temel ¢galisma parametrelerinin ve bu
parametrelerin belirlenme prensiplerinin aciklanmasi, elektrokimyasal
hicrelerde karsilagilan problemlerin tanimlanmasi

internet ve kiitiiphane taramasi

Explaining the basic working parameters of electrochemical cells and
the determination principles of these parameters, and defining the
problems encountered in electrochemical cells

Internet and Library Search
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Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
Batarya Teknolojileri:
Batarya teknolojisinin tarihsel gelisimi, birincil ve ikincil tir bataryalar,
bu bataryalarin gcalisma prensipleri, teknik 6zellikleri ve performanslari internet ve kiitiiphane taramasi -
6 ve ayrica bu bataryalarda gergeklesen reaksiyon mekanizmalari
konularinda bilgi verilmesi
Battery Technologies:
Giving information on the historical development of battery
technology, primary and secondary type batteries, the working Internet and Library Search -
principles, technical features and performances of these batteries, as
well as the reaction mechanisms that occur in these batteries.
Teorik Dersler / Theoretical Uygulama Lab ?gﬁﬁm;{ﬁgﬂ,iﬁz Methods On Hazirlik / Preliminary
Technigues
Batarya Teknolojileri:
7 Batarya teknolojisindeki temel parametrelerin ve bunlarin birbiri ile internet ve kiitiiphane taramasi -
olan iligkilerinin tanimlanmasi
Battery Technologies:
Defining the basic parameters in battery technology and description Internet and Library Search -
their interrelationships
. . Ogretim Yontem ve . "
Teorik Dersler / Theoretical Uygulama Lab Tgknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
8 Ara sinav Ders konu ve kapsaminda égrenci |
sunumu
. L Student presentation on the
Mid-term Examination lesson topic and scope
. . Ogretim Yontem ve - I
Teorik Dersler / Theoretical Uygulama Lab Tgknikleri/Teaching Methods On Hazirlik / Preliminary
Technigues
Batarya Teknolojilerinde, elektrot malzemesi olarak kullanilan
9 nanomateryallerin tanimlanmasi, elektrottan kaynakl var olan internet ve kiitiiphane taramasi -
problemlerin ve bunlarin etki mekanizmalarinin agiklanmasi
Identification of nanomaterials used as electrode material in New
Generation Battery Technologies, explanation of existing problems Internet and Library Search -
due to electrodes and their action mechanisms
. . Ogretim Yontem ve . -
Teorik Dersler / Theoretical Uygulama Lab Tgknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
Batarya Teknolojilerinde elektrolit malzemesi olarak kullanilan
10 nanomateryallerin tanimlanmasi, elektrolitten kaynakli var olan internet ve kiitiiphane taramasi -

problemlerin ve bunlarin etki mekanizmalarinin agiklanmasi

Identification of nanomaterials used as electrolyte material in New
Generation Battery Technologies, explanation of existing problems
due to electrolyte and their action mechanisms.

Internet and Library Search
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Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
Stiiperkapasitorin tarihsel gelisimi, turleri ve bu tirlerin calisma
prensipleri, siiperkapasitérlerde meydana gelen internet ve kiitiiphane taramasi )
11 fiziksel/elektrokimyasal sirecler, kinetik ve termodinamik yaklagimlar P
hakkinda bilgi verilmesi
Giving information about the historical development, types and
working prlnC|pIe§ of.supercapamto.rs, physma_l/ele_ctrochemlcal Internet and Library Search )
processes occurring in supercapacitors, and kinetic and
thermodynamic approaches.
. . Ogretim Yont .. .
Teorik Dersler / Theoretical Uygulama Lab Tgl:(r:ill(rlrc\arils)l'rt‘asgi\rgz Methods On Hazirlik / Preliminary
Techniques
Siperkapasitorlerin bilesenlerinin, bu bilesenlerde kullanilan ; -
12 materyallerin ve bunlarin etkinliklerinin tanimlanmasi Internet ve kiitiiphane taramasi )
!Z)escription of the component; of sup.ercapacitors, the materials used Internet and Library Search )
in these components, and their effectiveness.
Teorik Dersler / Theoretical Uygulama Lab ?ggﬁﬁ{ggﬁg:gpﬂnz Methods On Hazirlik / Preliminary
Technigues
Siperkapasitorlerin performanslari, performanslarin belirlenmesinde
kullanilan teknikler, siperkapasitorlerin uygulama alanlarn ve ; - )
13 superkapasitorlerde asiimasi gereken problemler hakkinda bilgi Internet ve kiitiiphane taramasi
verilmesi
Giving information about the performances of supercapacitors, the
techniques used to determine the performances, the application Internet and Library Search -
areas of supercapacitors and the challenges of supercapacitors.
. . Ogretim Yont: - .
Teorik Dersler / Theoretical Uygulama Lab Tglzﬁill(q‘;rils)l'r;:giﬁz Methods On Hazirlik / Preliminary
Techniques
14 Ogrenci proje Sunumlan internet ve kiitiiphane taramasi -
Student project presentation Internet and Library Search -
. . Ogretim Yoéntem ve - o
Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
15 Ogrenci proje sunumlari internet ve kiitiiphane taramasi -

Student oriject presentation

Internet and Library Search
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Teorik Dersler / Theoretical Uygulama

Lab

Ogretim Yontem ve
Teknikleri/Teaching Methods
Techniques

On Hazirlik / Preliminary

16 Final Sinavi

Fina examination

DEGERLENDIRME / EVALUATION

Katki Yiizdesi /

Yariyil (Y1l igi Etkinlikleri / Term (or Year) Learning Activities S Percentage of
Number o 2
Contribution (%)
Bireysel Calisma / Self Study 1 100
Toplam / Total: 1 100
Basari Notuna Katki Yiizdesi / Contribution to Success Grade(%): 40
Savi/ Katki Yuzdesi /
Yanyil (Yil) Sonu Etkinlikleri / End Of Term (or Year) Learning Activities Nun¥ber Percentage of
Contribution (%)
Proje Tasarimi/Ynetimi / Project Design/Management 1 50
Proje Sunma / Project Presentation 1 50
Toplam / Total: 2 100
Basari Notuna Katki Y{izdesi / Contribution to Success Grade(%): 60
Etkinliklerinin Basari Notuna Katki Yiizdesi(%) Toplami / Total Percentage of Contribution (%) to Success Grade: 100

Degerlendirme Tipi / Evaluation Type:

DDS
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IS YUKU / WORKLOADS

Siiresi | Toplam Is Yiikii
- Sayi/ (Saat) / (Saat) / Total

ST EHAL LT TS Number | Duration Work Load

(Hours) (Hour)
Derse Katilim / Attending Lectures 14 3.00 42.00
Final Sinavi / Final Examination 1 3.00 3.00
Final Sinavi igiin Bireysel Calisma / Individual Study for Final Examination 1 45.00 45.00
Makale Kritik Etme / Criticising Paper 12 5.00 60.00
Proje Hazirlama / Project Preparation 1 50.00 50.00
Proje Sunma / Project Presentation 1 5.00 5.00
Ara Sinav / Midterm Examination 1 3.00 3.00
Ara Sinav igin Bireysel Calisma / Individual Study for Mid term Examination 1 40.00 40.00

32 154.00 248.00

Toplam / Total:

Dersin AKTS Kredisi = Toplam is Yiikii (Saat) / 30.00 (Saat/AKTS) = 248.00/30.00 = 8.27 ~ / Course ECTS Credit = Total Workload (Hour) / 30.00 (Hour / ECTS) = 248.00 / 30.00 = 8.27 ~

PROGRAM VE OGRENME CIKTISI / PROGRAM LEARNING OUTCOMES

Ogrenme Ciktilari / Program Ciktilari / Program Outcomes

Learning Outcomes 111 (112 (113114 [1.15 [ 116 |1.1.7

1.Bir elektrokimyasal hicrenin
temel ¢alisma prensibini
anlayabilme / To be able to

understand the basic working 3 3 3 3 3 1 3
principle of an electrochemical
cell.

8/10




2.Yakit hiicresi, batarya ve
superkapasitor gibi farkli
turdeki elektrokimyasal
aygitlanin ¢calisma prensipleri ve
hedef uygulama alanlari
arasindaki farki anlayabilme /
To be able to understand the
difference between the working
principles and target
application areas of different
types of electrochemical
devices such as fuel cells,
batteries, supercapacitors and
hybrid capacitors.

3.Elektrokimyasal hiicrenin
bilesenlerini olusturan
malzemelerin molekiler yapisi
ve Ozellikleri ile elektrokimyasal
hicrenin performansi arasinda
iligki kurabilme / To be able to
relate the molecular structure
and properties of the materials
that make up the components
of the electrochemical cell and
the performance of the
electrochemical cell.

4.Elektrot ve elektrolit
arayuzeyindeki etkilesimlerin,
yuk ve kdtle transfer
mekanizmalarini kavrayabilme /
To be able to comprehend
charge and mass transfer
mechanisms occurring at the
electrode and electrolyte
interface.

5.Elektriksel parametreler ile
aygit performanslar arasindaki
iliskiyi kavrayabilme / To be
able to comprehend the
relationship between electrical
parameters and device
performances.
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6.Calisma voltaji, akim, sarj-
desarj akimi, desarj suresi,
cevrim sayisi, kapasite, enerji
yogunlugu, gig, verimlilik,
yasam Omri gibi parametrelere
bagli olarak sistem tasarimini
ve uygulamalarini yapabilmek /
To be able to design and
implement a system depending
on parameters such as
operating voltage, current,
charge-discharge current,
discharge time, number of
cycles, capacity, energy
density, power, efficiency and
lifetime.

7.Elektrokimyasal eneriji
depolama sistemlerinin Gretim
yontemlerini ve teknolojilerini
kavrayabilme / To be able to
comprehend the cell based
production methods and
technologies of new generation
batteries

Katki Dlzeyi / Contribution Level : 1-Cok Duisuk / Very low, 2-Diistik / Low, 3-Orta / Moderate, 4-Yuksek / High, 5-Cok Yiiksek / Very high
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