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Dersin Onkosulu

Gerekli hallerde 6grencinin lisans diizeyindeki katilagma dersine katilimi istenebilir.

Dersin Amaci

Bu dersin amaci, miihendislik 6grencilerine yonli katilasma konusundaki temel
bilgilerin kazandirilmasidir.

Dersin Icerigi

Dersin igerigi, temel katilasma teorilerinden baglar, sivi-kat1 ara yiizeyinin tanitima,
yonlii katilasmada kullanilan arag ve geregler igin segilmesi gereken malzemeler,
metaliirjik 6zelliklerin yone bagimliligi, katilasma hizinin etkileri, Bridgman yontemi,
Czochralski yontemi, daldirilmis 1sitict yontemi, sicaklik analizi ve haritalari, tek
kristal tiretim teknikleri, giines hiicresi iiretimi ile laboratuar uygulamasi ile devam
eder.

Dersin Ogrenme
Ciktilan

Bu dersi alan 6grenciler, yonlii katilasma operasyonlar1 konusunda baslangic
olusturabilecek bir altyapiya sahip olacaklardir.
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HAFTALIK DERS PLANI

Hafta Icerik ve Konular

1. Hafta Katilagsma teorisine giris. Sivi-kat1 ara yiizeyi, ara yiizeyde atom transferi, facatali ve
facatasiz biiylime, kararl1 ve kararsiz ara yiizeyler.

2. Hafta Sivi-kat1 ara ylizeyinde zorlanmamis ve zorlanmis tane biiyiitme kosullari arasindaki farklar
ve yonlii katilasma kavramina giris.

3. Hafta Yonlii katilasmada kullanabilecek malzemeler, sistemler, koruyucu gazlar ve bunlarin zorlu
iiretim veya deney kosullarina dayanabilecek bicimde hazirlanmalarinin kosullari.

4. Hafta Yonlii katilasmada elde edilen metaliirjik 6zelliklerin yone bagimliligi. Geleneksel dokiim
yontemlerine oranla; makro yapi farklari, mikro yapi farklari ve mekanik 6zellik farklari.

5. Hafta Yonli katilagmada, katilasma hizi degistirilerek elde edilen mikro yapilarn aralarindaki
karsilagtirmalar ve elde edilen ozellikler.

6. Hafta Bridgman y6ntemi, katilagtirma kosullar1 ve elde edilebilecek iirtinler.

7. Hafta Czochralski yontemi, katilagtirma kosullar1 ve elde edilebilecek iiriinler.

8. Hafta Vize Sinavi

9. Hafta Ostrogorsky patentli daldirilmis 1sitic1 yontemi, katilastirma kosullar1 ve elde edilebilecek
iiriinler.

10. Hafta Yonlii katilagsmanin 1s1l ¢iftler yardimiyla termal analiz teknikleri ve sivi-kat1 ara yiizey
hizlariin belirlenmesi. Soguma egrilerinin analizi.

11. Hafta Yonlii katilagma analizinde kullanilan sicaklik dagilimlar1 ve haritalari.

12. Hafta Tek kristal tiretim metotlari, ¢ekirdeklendirici kullanmamanin veya kullanmanin etkileri,
iiretim kosullar1 ve sicaklik dagilimlari.

13. Hafta Gines hiicreleri i¢in dinamik katilagtirma yontemi ve uzay deneyleri i¢in tasarlanan otomatik
yonlii katilagma sistemlerinin tanitimi.

14. Hafta Ornek yénlii katilasma laboratuar uygulamasi.

15. Hafta Final Sinavi.
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Course Semester
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Prerequisites

Where necessary students will be directed to attend solidification lectures at
the undergraduate level

Course Objectives

The purpose of this course is to povide basic skills on the directional
solidification phenomena to the engineering field students.

Course Contents

The course content starts with introduction to basic solidification theories,
introduction to liquid-solid interface, materials selection for tools and equipment
meeting high standards of directional solidification, anisotropy of metallurgical
properties, effects of solidification rate, Bridgman method, Czochralski method,
submerged heater method, thermal analysis and maps, single crystal production
techniques, production of solar cells and ends with a laboratory application.

Course Learning
Outcomes

Students taking this course, will have a background that can provide a basis
for directional solidification operations.
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Planned learning Theoric | Practice | Lab. | Projects | Assign. | Other | Total | ECTS
activities and teaching | 42 40 56 50 188 7,5
methods

Assessment Methods and
Criteria

Quantity (mark with “X”) Percentage (%0)

Midterm Exam

X 15
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Quiz

Assignment X 15

Projects

Laboratory

Practice X 15

Other X 5

Final Exam X 50

WEEKLY COURSE PLAN

Week Contents and topics

1. Week Introduction to solidification theory. Liquid-solid interface, atom transfer at the interface,
non-faceted and faceted growth, stable and unstable interfaces.

2. Week On the surface of the liquid-solid interface differences between non-constrained and
constrained growth conditions and the introduction to directional solidification.

3. Week Using of materials, systems, protective gases and prepare them to withstand tough
production and experimental conditions.

4. Week Anisotrophic dependence of metallurgical properties on the directional solidification
direction, macro structure differences, differences in microstructure and mechanical
property differences compared to conventional casting methods.

5. Week Effect of the solidification rate on the microstructures, comparisons of obtained
microstructures, and properties during the directional solidification operation.

6. Week Bridgman method, solidification conditions, and products that can be obtained.

7. Week Chzochralski method, solidification conditions, and products that can be obtained.

8. Week Mid term examination

9. Week Ostrogorsky patented Submerged Heater method, solidification conditions, and products
that can be obtained.

10. Week Analysis of directional solidification by the aid of thermal analysis techniques, and
determining liquid-solid interface velocities.

11. Week Temperature distributions and maps in directional solidification analysis.

12. Week Methods of single crystal production, comparison of adding or not adding Nucleating
agents, production conditions and temperature distributions.

13. Week Dynamic solidification process for producing solar cells, fully automated directional
solidification systems for space research.

14. Week Example laboratory application of directional solidification.

15. Week

Final Examination.
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