DERS TANIMLAMA FORMU

Dersin Kodu ve Adi MEM 325 Fiziksel Metalﬁrji (AKTS)

Dersin Yariyih \4

Kiitle transferi-katilarda atomik yayinma-difiizyon. Mikro yaklagim: difizyon
mekanizmalari, arayer ve yeralan difiizyonu, tiinel difiizyonu. Diflizyon itig
giicii. Atom hareketliligi (mobilite)-serbest enerji iliskisi. Diflizyon katsayisinin
atomik hareketlilik ve kristal yap1 6zellikleriyle iliskilendirilmesi. Sicakligin
difiizyon hiz1 iizerine etkisi. Istatistiksel termodinamik yaklasim. Aktivasyon
enerjisi-serbest enerji iligkilendirilmesi. Arrhenius bagintisi. Makro yaklagim:
Fick birinci kanunu-kararl hal difiizyonu. Fick ikinci kanunu-kararsiz-hal
diflizyonu. Arayiizeyler ve enerjileri. Kristal hatalari, bir, iki ve ti¢ boyutlu
hatalar. Dislokasyonlar ve tiirleri. Dislokasyonlar arasi girisimler ve dislokasyon
enerjisi. Istif hatalar, istif hata enerjisi, dislokasyon béliinmesi ve istif
hatalarinin deformasyonda yeri. Diisiik agili sinirlar-tanecik sinirlari,
poligonizasyon, tanecik sinir enerjileri. Yiiksek agili sinirlar, tane sinir1 enerjisi.
Yiizey gerilimi, araylizey enerjileri ve tek fazli ve ¢ift fazli yapilar i¢in yilizey
enerjisi denklemleri. Normal tane biiyiimesi, biiyiimeye sinir egriligi ve
empiirite etkisi. Soguk islem ve toparlanma. Yeniden kristallesme kinetigi-
Avrami denklemi ve Johnson-Mehl denklemi. Eski tane boyunun, deformasyon
tiirlinlin, empiiritenin ve sicakligin yeniden-kristallesme hizina etkileri.
Malzemede pargacik takviyesi teorisi. Al-Cu sisteminde yaslandirma.
'Yaslandirma ve asir1 yaslandirma safhalari-mekanizmalar-termodinamik
yaklasim. Ikinci faz parcaciklarmin-¢okeltilerin dislokasyonlarla girisimleri.
Kesme ve Orowan mekanizmalari-dayanima etkileri. Parcacik-¢cokelti irilesmesi,
Oswald olgunlagmasi. Siiper-alasimlarda yapisal kararlilik, ¢okelti tiirleri ve
sertlige etkileri. Yiiksek sicaklik alagiminin siiriinme dayanimi igin gereken tipik
mikro-yap1 tasarimlari.

Dersin Katalog Tanim (icerigi)

Cesitli kaynaklardan derlenen ders notlari.
Temel Ders Kitabi

Modern Physical Metallurgy and Materials Engineering

Yardimer Ders Kitaplar: R.E. Smallman, R.J. Bishop.

Dersin Kredisi (AKTS) 3

Dersin Onkosullar Malzeme I, Malzeme Il ve Taginim Olaylari
(Ders devam zorunluluklari, bu
maddede belirtilmelidir.)

Dersin Tiirii Zorunlu
Dersin Ogretim Dili Tiirkge
Dersin Amaci ve Hedefi Malzeme Bilgisi | ve 11 derslerinde verilen temel malzeme bilgilerinin

bazilarininin mekanizmalarini, termodinamik ve fiziksel yaklagimlarini
irdeleyerek sebep sonug iliskilerininin kapsamli olarak incelenmesi.

Dersin Ogrenim Ciktilar: Temelini atomik yayinma konusunun olusturdugu yaklagimlarla, diger farkli
konularla pekistirilmesi ve ¢esitli problem ¢oziimleriyle matematiksel analiz
yapabilme yeteneklerinin gelistirilmesi. Kapsamli olarak verilen diger
konularda, malzeme yapisindaki degisimlerin temel mekanizmalarini, sebep
sonug iligkilerinin temelini kavrayarak, yeni malzemelerin tasarlanabilmesi ve
davranislarinin 6ngoriilebilmesi.

Dersin Verilis Bicimi Yz Yiize.




Dersin Haftahlk Dagilim

1. Hafta:
Genel bilgiler, kiitle transferi-katilarda atomik yayinma-difiizyon.

2. Hafta:
Diflizyon mekanizmalari, arayer ve yeralan diflizyonu, tiinel difiizyonu.

3. Hafta:
Fick birinci kanunu-kararl hal difiizyonu. Sicakligin difiizyon hizi tizerine
etkisi-Arrhenius bagintis.

4. Hafta:
Problem ¢6ziimleri.

5. Hafta
Fick ikinci kanunu-kararsiz-hal difiizyonu. Problem ¢oziimleri.

6. Hafta

Araytizeyler ve enerjileri. Kristal hatalar, bir-iki ve ti¢ boyutlu hatalar.
Dislokasyon tiirleri ve enerjileri. Istif hatalari, istif hata enerjisi, Dislokasyon
boliinmesi, istif hatalarinin deformasyonda yeri.

7. Hafta
/Ara sinav.

Dersin Haftahik Dagilim

8. Hafta

Diisiik acil sinirlar-tanecik sinirlari, poligonizasyon, tanecik sinir enerjileri.
'Yiiksek acilt sinirlar-tane sinirlari, tane sinir1 enerjisi. Yiizey gerilimi, arayiizey
enerjileri ve tek fazli ve ¢ift fazli yapilar i¢in yiizey enerjisi denklemleri.

9. Hafta
Normal tane biiylimesi, irilesmeye egrilik etkisi, empiirite etkisi.

10. Hafta ]
Soguk iglem, toparlanma ve yeniden-kristallesme. Itis giicii ve mekanizmalar.
'Yenidenkristallesme kinetigi. Avrami ve Johnson-Mehl bagintilar1.

11. Hafta
Eski tane boyunun-empiiritenin-sicakligin yeniden-kristallesme hizina etkileri.
[kinci yeniden kristallesme.

12. Hafta

Malzemede pargacik takviyesi teorisi. Al-Cu sisteminde yaslandirma.
Yaslandirma ve agir1 yaslandirma safhalari-mekanizmalar. Itis giicii ve
termodinamik yaklagim.

13. Hafta

[kinci faz parcaciklarinin-gokeltilerin dislokasyonlarla girisimleri. Kesme ve
Orowan mekanizmalar1. Heterojen ve homojen deformasyon kavrami. Malzeme
mekanik 6zelliklerine etkileri.

14. Hafta

Parcacik-¢okelti irilesmesi, Oswald olgunlagmasi. Yiizey enerjisi ve hacim
difiizyonu etkili irilesme kinetigi. Siiper-alasimlarda yapisal kararlilik, ¢okelti
tiirleri ve sertlige etkileri. Yiiksek sicaklik alagiminin siiriinme dayanimi igin|
gereken tipik mikro-yapi tasarimlari.




Ogretim Faaliyetleri

(Burada belirtilen faaliyetler i¢in harcanan
zaman krediyi belirleyecektir. Dikkatli
doldurulmasi gerekmektedir.)

Haftalik teorik ders saati
Okuma Faaliyetleri

Internetten tarama, kiitiiphane ¢alismasi
Ara sinav ve ara sinava hazirhik
Final siavi ve final sinavina hazirlik

Degerlendirme Olgiitleri

Sayisi Toplam
Katkis1
(%)
Ara sinav 1 40
Odev
Uygulama
Projeler
Pratik
Kisa Sinav
Doénem i¢i Calismalarin Y1l
I¢i Bagartya Oram (%)
Finalin Basariya Orani1 (%) 60




Dersin Is Yiikii - Toplam Siire Dsonem
il Hafta (Haftah To?)?:m
Sayisi k Saat) is Yiikii
Haftalik teorik ders saati 14 3 42
Haftalik uygulamali ders saati 14 0 0
Okuma Faaliyetleri 14 1 14
Internetten tarama, kiitiiphane ¢aligmast 14 1 14
Materyal tasarlama, uygulama 14 0 0
Rapor hazirlama 14 0 0
Sunu hazirlama 14 0 0
Sunum 14 0 0
Ara smav ve ara sinava hazirlik 14 0.5 7
Final sinav1 ve final sinavina hazirlik 14 0.5 ’
Diger
Toplam ig yiikii 84
Toplam is yiki/ 25 3,36
Dersin AKTS Kredisi 3
Ders Ciktilari ile Program Ciktilari No Program > 13 |a |5
Arasindaki Katki Diizeyi Ciktilar
1 Matematik, fen bilimleri ve ilgili
miihendislik disiplinine 6zgi
konularda yeterli bilgi birikimi;
bu alanlardaki kuramsal ve
uygulamali bilgileri, karmasik
miihendislik problemlerinde
kullanabilme becerisi.
2 Karmagik mithendislik
problemlerini saptama,
tanimlama, formiile etme ve
¢dzme becerisi; bu amagla uygun
analiz ve modelleme yontemlerini
se¢me ve uygulama becerisi.
3 Karmagik bir sistemi, siireci,
cihazi veya lirlinii gercekei kisitlar
ve kosullar altinda, belirli
gereksinimleri karsilayacak
sekilde tasarlama becerisi; bu
amagla modern tasarim
yontemlerini uygulama becerisi.
4 Miihendislik uygulamalarinda
karsilasilan karmagsik problemlerin
analizi ve ¢ozliimii i¢in gerekli olan
modern teknik ve araglari
geligtirme, segme ve kullanma
becerisi; bilisim teknolojilerini
etkin bir gsekilde kullanma becerisi.




5 Miihendislik problemlerinin veya
disipline 6zgii arastirma
konularinin incelenmesi i¢in deney
tasarlama, deney yapma, veri
toplama, sonuglar1 analiz etme ve
yorumlama becerisi.

6 Disiplin i¢i takimlarda etkin X
bi¢cimde caligabilme becerisi

7 Disiplinler arasi takimlarda etkin
bigimde ¢alisabilme becerisi

8 Tiirkce s6zli ve yazili etkin
iletisim kurma becerisi; en az bir
yabanci dil bilgisi.

9 Etkin rapor yazma ve yazilt

raporlar1 anlama, tasarim ve liretim
raporlar1 hazirlayabilme, etkin
sunum yapabilme, acik ve anlasilir
talimat verme ve alma becerisi.

10 'Yasam boyu 6grenmenin X
gerekliligi bilinci; bilgiye
erigebilme, bilim ve teknolojideki
geligsmeleri izleme ve kendini
siirekli yenileme becerisi.

11 Etik ilkelerine uygun davranma,
mesleki ve etik sorumluluk bilinci;
imiihendislik uygulamalarinda
kullanilan standartlar hakkinda
bilgi.

12 Proje yonetimi, risk yonetimi ve
degisiklik yonetimi gibi, is
hayatindaki uygulamalar hakkinda
bilgi;

13 Girigimcilik, yenilikgilik hakkinda
farkindalik; stirdiiriilebilir
kalkinma hakkinda bilgi.

14 Miihendislik uygulamalarinin X
evrensel ve toplumsal boyutlarda
saglik, cevre ve giivenlik
iizerindeki etkileri ve ¢agin
miihendislik alanina yansiyan
sorunlar1 hakkinda bilgi

15 Miihendislik ¢6ziimlerinin
hukuksal sonuglar1 konusunda
farkindalik bilinci

Dersi Verecek Ogretim Eleman(lar) ve
Tletisim Bilgileri

Prof. Dr. A. Tamer OZDEMIR, e-posta: tozdemir@gazi.edu.tr
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Course Description Form

Course Code and Name

MEM 325 Physical Metallurgy

Course Semester

\Y

Catalog Content

Mass transfer-Diffusion in solids. Diffusion mechanisms, Microscopic
approach; interstitial diffusion, substitional diffusion and pipe diffusion. Fick’s
first law-steady State diffusion. Effect of temperature on diffusion-Arrhenius
equation. Thermodynamical basis of activation energy. Mobility versus free
energy relations. Atomic aspect of diffusivity. Macroscopic approach; Fick’s
second law-non steady state diffusion. Defects in Crystals. One dimensinal,
two dimensional and three dimensional defects. Types of dislocations,
interraction between dislocations, energy of dislocations. Stacking faults and
energy of stacking faults. Extended dislocations and effect on deformation. Low
angle boundaries, polygonization, energy of tilt boundaries. High angle
boundaries-Grain boundaries, grain boundary energy. Surface tension-energy of
interfaces, energy equations for single phase and dual phase structures. Normal
grain growth, impurity poisoning, effect of curvature on boundary mobility.
Cold working, recovery and recrystallization. Mechanisms and kinetics of
recrysatallization. Avrami and Johnson-mehl equations. Effects of prior grain
size, type of deformation, impurity cotent and temperature on the rate of
recrystallization. Theory of particle hardened alloys, effect of second phase
particles on dislocatons. Age-hardening of Al-Cu system. Sequences of ageing
and over ageing-the thermodynamical aspect. Interactions in between
precipitates and dislocations and consequential effect on the strength of alloy.
Particle coarsening-Oswald’s ripening. High temperature alloys and thermal
stability, types and nature of precipitates and principles of hardening in some
typical Super-alloys. Design of a high temperature alloy for creep resistance.

Textbook

Lecture notes compiled from several sources.

Supplementary Textbooks

Modern Physical Metallurgy and Materials Engineering
R.E. Smallman, R.J. Bishop.

Credit

3

Prerequisites of the Course
( Attendance Requirements)

Materials Science | and Il, Thermodynamics | and Transport Phenomena

Type of the Course

Theoretical

Instruction Language

Turkish

Course Objectives

IAs previously given in Materials | and Il and Transport Phenomena some
selected topics are chosen, to understand and evaluate the inter-mechanisms and
some physical aspects and approaches in details.

Course Learning Outcomes

The aim is to attain further conceptual knowledge in the field of atomic
diffusion and practice the ability of mathematically analyzing and solving
problems. Further, by realizing aspects of the underlying facts and driving forces
and energies in related mechanisms encountered and so the physical changes in
the micro-structure of the metallic materials. Throughout the course students are
expected to achieve the awareness of the facts and so the talent of designing new
materials if necessary.

Instruction Methods

Lecturing face to face




\Weekly Schedule

1. Week:
Introduction to mass transfer-diffusion in solids.

2. Week:
Diffusion mechanisms, interstitial diffusion, substitional diffusion and pipe
diffusion.

3. Week:
Fick’s first law-steady State diffusion. Effect of temperature on diffusion-
Arrhenius equation.

4. Week:
Problem solvings.

5. Week
Fick’s second law-non steady state diffusion-solving sample problems.

6. Week

Defects in Crystals. One dimensinal, two dimensional and three dimensional
defects. Types of dislocations, energy of dislocations. interractions between
dislocations, Stacking faults and energy of stacking faults and its effect on
deformation.

7. Week

Mid-term exam.

Weekly Schedule

8. Week

Low angle boundaries, polgonization, energy of tilt boundaries. High angle
boundaries-Grain boundaries, grain boundary energy. Surface tension-energy of
interfaces, energy equtions for single phase and dual phase structures.

9. Week
Normal grain growth, impurity poisoning, effect of curvature on boundary
mobility.

10. Hafta
Cold working, recovery and recrystallization. Driving force and Mechanisms.

11. Week

Kinetics of recrystallization. Avrami and Johnson-Mehl equations. Effects of
prior grain size, type of deformation, impurity content and temperature on the
rate of recrystallization.

12. Week

Theory of particle hardened alloys, effect of second phase particles on
dislocatons. Age-hardening of Al-Cu system. Sequences of ageing and over
ageing-driving force and thermodynamical aspect.

13. Week

Interractions in between precipitates and acting dislocations. Shear (particle
cutting) and Orowan mechanisms. Heterogenous and homogenous deformations
and their consequential effects on the strength of materials.

14. Week

Particle coarsening-Oswald’s ripening. Surface reaction controlled and volume
diffusion controlled growth mechanisms. High temperature alloys and the
thermal stability, types and nature of precipitates and principles of hardening in
some typical superalloys. Design of a high temperature alloy for creep
endurance.




Teaching and Learning Methods

Haftalik teorik ders saati
Ara sinav ve ara sinava hazirlik
IFinal smavi ve final sinavina hazirlik

IAssessment Criteria

Total Score (%)

Numbers Total
weighting
(%)
Midterm Exams 1 40
Assignment
Application
Projects
Practice
Quiz
Percent of In-term Studies (%)
Percentage of Final Exam to 60




Workload Activi Toplam Siire DSiinem
ctivity Hafta (Haftal To(p))?:m
Sayisi k Saat) is Yiikii
Weekly Theoretical Course Hours 14 3 42
Weekly Tutorial Hours 14 0 0
Reading Tasks 14 1 14
Studies 14 1 14
Material Design and Implementation 14 0 0
Report Preparing 14 0 0
Preparing a Presentation 14 0 0
Presentations 14 0 0
Midterm Exam and Preperation for Midterm 14 0.5 7
Final Exam and Preperation for Final Exam 14 0.5 ’
Others
Total Workload 84
Total Workload / 25 3,36
Course Credit (ECTS) 3
Contribution Level Between Course Learning Program Outcomes
No 3 |4 |5
Outcomes and Program Outcomes
1 Sufficient knowledge in
mathematics, science and related
engineering disciplines; the
theoretical and practical
knowledge in these areas, the
ability to use in complex
engineering problems.
2 The ability to identify, formulate,
and solve complex engineering
problems; selecting and applying
appropriate analysis and modeling
methods for this purpose.
3 The ability to design a complex
system, process, device or product
under realistic constraints and
conditions to meet specific
requirements; the ability to apply
modern design methods for this
purpose
4 /Ability to develop, select and use
modern techniques and tools
necessary for analysis and solution
of complex problems in
engineering applications; ability to
use information technologies
effectively.




5 IAbility to design experiments, conduct
experiments, collect data, analyze and
interpret results for examination of
engineering problems or discipline-
specific research topics.

6 The ability to work effectively in X
disciplinary teams.

7 The ability to work effectively in
interdisciplinary teams.

8 Effective communication skills in
Turkish oral and written
communication; at least one foreign
language knowledge.

9 IAbility to write effective reports and
understand written reports, to prepare
design and production reports, to make
effective presentations, to give clear and
understandable instructions and to receive.

10 IAwareness of the need for lifelong

learning; access to knowledge, ability
to follow developments in science and
technology, and constant self-renewal.

11 Conformity to ethical principles,
professional and ethical responsibility;
Information on standards used in
engineering applications.

12 Information on practices in business,
such as project management, risk
management and change management.

13 Entrepreneurship, awareness about
innovation; information on sustainable
development.

14 Information on the effects of
engineering applications on health,
environment and safety in universal
and societal dimensions, and the
problems that are reflected in the era of
engineering.

15 IAwareness of the legal consequences
of engineering solutions.

The Course’s Lecturer(s) and Contact
Informations

Prof. Dr. A. Tamer OZDEMIR, e-mail: tozdemir@gazi.edu.tr
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