MEM-312 FiZIKSEL METALURJI

| METALURJI VE MALZEME MUHENDISLIGI
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Ders Dili Tirkce

Zorunly / Zorunlu

Secmeli

On sartlar | MEM 201-Malzeme Bilgisi 1

Dersin Kiitle transferi-katilarda atomik yayinma-difiizyon. Diflizyon mekanizmalari, arayer ve yeralan difiizyonu,

Icerigi tiinel difiizyonu. Fick birinci kanunu-kararli hal difiizyonu. Sicakligin diflizyon hizi {izererine etkisi-
Arrhenius bagmtisi. Fick ikinci kanunu-kararsiz-hal diflizyonu. Arayiizeyler ve enerjileri. Kristal hatalari,
bir, iki ve li¢ boyutlu hatalar. Dislokasyonlar ve tiirleri. Dislokasyonlar arasi girisimler ve dislokasyon
enerjisi. Istif hatalari, istif hata enerjisi, istif hatalarinin deformasyonda yeri. Dusiik agili sinirlar-tanecik
sinirlar1, poligonizasyon, tanecik sinir enerjileri. Yiiksek acili smirlar-tane sinirlari, tane sinir1 enerjisi.
Yiizey gerilimi, arayiizey enerjileri ve tek fazli ve ¢ift fazli yapilar i¢in yiizey enerjisi denklemleri. Normal
tane biiyiimesi, irilesmeye egrilik ve empiirite etkisi. Soguk islem, toparlanma ve yeniden kristallesme.
Eski tane boyunun-empiiritenin-sicakligin yeniden-kristallesme hizma etkileri. Malzemede pargacik
takviyesi teorisi. Al-Cu sisteminde yaslandirma. Yaglandirma ve asir1 yaslandirma sathalari-
mekanizmalar-termodinamik yaklasim. Ikinci faz parcaciklarinin-gokeltilerin dislokasyonlarla girisimleri
ve malzemedeki dayanim degismeleri. Parcacik-¢okelti irilesmesi, Oswald olgunlasmasi. Siiper-
alagimlarda yapisal kararlilik, ¢okelti tiirleri ve sertlige etkileri. Yiiksek sicaklik alagiminin siiriinme
dayanimi igin gereken tipik mikro-yapi tasarimlari.

Dersin Malzeme bilgisi I ve II derslerinden verilen temel malzeme bilgilerinin bazilarmi kapsamli olarak

Amaci incelemek. Mekanizmalari, fiziksel yaklagimlari ve sebep sonug iliskilerini kapsamli olarak incelemek.

Ogrenme Bu dersi alan dgrenciler, bilhassa atomik yayinma konularinda, ¢esitli problem ¢oziimleriyle matematiksel

Ciktilar1 ve | analiz yapabilme yeteneklerini gelistirirler. Ayrica, verilen diger konularda, malzeme yapisindaki

Yeterlilikler | degisimlerin temel mekanizmalarmni kavrayarak yeni malzemeler tasarliyabilirler.
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Hafta Konular

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

2 Diflizyon mekanizmalari, arayer ve yeralan diflizyonu, tiinel diflizyonu.

3 Fick birinci kanunu-kararli hal difiizyonu. Sicakligin difiizyon hizi iizerine etkisi-Arrhenius bagintist.

4 Problem ¢oziimleri

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

6 Arayiizeyler ve enerjileri. Kristal hatalar1, bir—iki ve {i¢ boyutlu hatalar. Dislokasyon tiirleri ve enerjileri.
Istif hatalar1, istif hata enerjisi, istif hatalarinin deformasyonda yeri.

7 Diisiik acil1 siirlar-tanecik sinirlari, poligonizasyon, tanecik sinir enerjileri. Yiiksek acili sinirlar-tane
sinirlari, tane sinir1 enerjisi. Yiizey gerilimi, arayiizey enerjileri ve tek fazli ve ¢ift fazli yapilar i¢in yiizey
enerjisi denklemleri.

8 Ara smav

9 Normal tane bilylimesi, irilesmeye egrilik etkisi, empiirite etkisi.

10 Soguk islem, toparlanma ve yeniden kristallesme. Yeniden—kristallesme kinetigi

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

12 Malzemede pargacik takviyesi teorisi. Al-Cu sisteminde yaslandirma. Yaslandirma ve agir1 yaglandirma
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sathalari-mekanizmalar-termodinamik yaklagim.

13 Ikinci faz pargaciklarinin-gokeltilerin dislokasyonlarla girisimleri ve malzemedeki dayanim degismeleri.
14 Parcacik-¢okelti irilegsmesi, Oswald olgunlasmast..
15

Siiper-alasimlarda yapisal kararlilik, ¢okelti tiirleri ve sertlige etkileri. Yiiksek sicaklik alagiminin siiriinme
dayanimi igin gereken tipik mikro-yapi tasarimlari.
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Teaching Methods Credits
Semester - .
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study Credit
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Language Turkish
Compulsory / Compulsory

Elective

Prerequisites

MEM 201-Materials Science 1

Course Mass transfer-Diffusion in solids. Diffusion mechanisms, interstitial diffusion, substitional diffusion and

Contents pipe diffusion. Fick’s first law-steady State diffusion. Effect of temperature on diffusion-Arrhenius
equation. 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 and its effect on deformation. 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. Normal grain growth, impurity poisoning, effect of curvature on boundary mobility.
Cold working, recovery and recrystallization. Mechanisms and kinetics of recrysatallization. Effects of
prior grain size, impurity cotent and temperature on the rate of recrystallization. Theory of particle
hardened alloys, effect of second phase particles on dislocatons. Age-hardening of AI-Cu system.
Sequences of ageing and over ageing-the thermodynamical aspect. Interraction in between precipitates
and dislocations and consequential effect on the strengh of the alloy. Particle coarsening-Oswald’s
ripening. High temperature alloys and thermal stability, types and nature of precipitates and principles of
hardening in some typical superalloys. Design of a high temperature alloy for creep endurance.

Course As previously given in Materials | and I, some selected topics are chosen, to understand and evaluate

Objectives the inter-mechanisms and some physical aspects and approaches in details.

Learning Students attending this course will particularly practice to solve the problems in the field of atomic

Outcomes diffusion and will attain the ability of mathematically analysing the subject. Further, by realizing some

and aspects of the under facts in related mechanisms and so the physical changes in the structure, students

Competences | may achieve to the talent of designing new materials.

Textbook Lecture notes

and /or

References

Assessment If any, mark | Percent

Criteria as (X) (%)
Midterm Exams X 35
Quizzes
Homework X 5
Projects
Term Paper
Laboratory Work
Other
Final Exam X 60

Instructors | prof Dr. A. Tamer OZDEMIR (tozdemir@gazi.edu.tr)

Week Subject

1 Introduction to mass transfer-diffusion in solids.

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

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

4 Problem solving on the first law.

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

6 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 and its effect on deformation.



http://www.mete.metu.edu.tr/
mailto:yucesu@gazi.edu.tr

7 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.

8 Midterm Exams

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

10 Cold working, recovery and recrystallization. Mechanisms and kinetics of recrysatallization.

11 Effects of prior grain size, impurity cotent and temperature on the rate of recrystallization.

12 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

13 Interraction in between precipitates and dislocations and consequential effect on the strengh of the alloy.

14 Particle coarsening-Oswald’s ripening.

15 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.




