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TURKCE OZET

Zirkonya ve alumina gibi sertlikleri ve dayanimlari ile bilinen seramik malzemeler basta
tekstil sektoriinde olmak ilizere, malzemenin asinma ve dayanim 6zelliklerinin énem kazandigi
parcalarin makine elemani olarak kullanildig1 alanlarda ileri teknoloji malzemesi olarak énem
kazanmaktadir. Seramik malzemelerin dayanimini etkileyen o6nemli parametrelerden iKisi,
paketlenme ve sinterleme parametreleridir ve bu parametreler ayarlandiginda malzemenin
yogunlugu degistirilebilmektedir. Seramik tozlarinin paketlenmesi, yani tozlarin uygun tane
boyut ve dagilimina getirildikten sonra, gerekirse ilave kimyasallar veya maddeler katarak
preslenmesi siireci, “yesil iirtin” (Ham pismemis mamul) dayanimi akabinde sinter sonrasi
dayanimi i¢in dnem kazanmakta, malzemenin yogunlugu ne kadar siki paketlenirse, yani bir
miktar mikro boyutta diisiiniildiiglinde toz tanecikleri bir birine ne kadar yakinda konumlanirsa,
o kadar artmaktadir. Tozlarin hazirlanmasi esnasinda, tane boyutunun ince olmasi yiizey alanini
arturacagindan yine sinterleme icin 6nemli iken, tane boyut dagilimi da, yani mamuliin proses
alanina uygun dar ya da daha genis olmasi, yine hesaba katilmasi gereken proses bilesenleridir.

Uriiniin paketlenme ve sinterleme parametreleri iiretim siirecinde bu denli Kkilit
noktalarda 6nemli oldugundan, bilimsel ¢alismalarda, patentlerde veya fabrikalardaki liretim
stirecinde pek fazla deginilmeden gecen bu parametrelerin literatiirde referans bir calisma olarak
goziikecek sekilde incelenmesi, ardindan basta tekstil sektdriinde dairesel eleman olarak
kullanilma potansiyelinin olmasi ve ¢ogunlugu su anda ithal edilen pargalarin imalatinda bu
parametreler ile alakali calismalarin 6niiniin a¢ilmasi bakimindan da 6nem kazanmaktadir.

Yapilan literatiir arastirmalari ve takimimizin deneyimlerinden yararlanarak
tamamladigimiz projemizi temelde 4 bolimde inceleyebiliriz:

0 Temin edilen seramik tozlarinin (Zirkonya) 6giitme ve uygun tane boyut dagihmi
parametrelerinin belirlenmesi; uygun tane boyut ve dagihm analizleri,

¢ Silindirik haline getirilecek uygun bilesenlerin belirlenmesi, FACT-SAGE programi ile
belirlenmesi, tozlarin uygun bilesenlerde hazirlanmasi ve homojenizasyonu, numune
peletlenmesi,

0 Cold Isostatic Press (Soguk izostatik pres) kullanilarak sabit kuvvet ve siirede presleme
ve sinter sonrasi yapida meydana gelen basma dayanimi ve kirilma toklugu belirlenmesi,
Archimeédes yontemi ile yogunlugunun belirlenmesi,

0 Sinterleme sonras1 meydana gelen fazlarin XRD analizi ile belirlenmesi,

Do¢.Dr. Biilent EKICI yiiriitiicii olarak, Prof.Dr. Ayhan MERGEN, YrdDo¢. Dr. Aykut
KENTLI ve Ar. Gor. Ozgiir CINAR arastirmaci olarak projeye katkida bulunmustur. Projenin
tamamlanmasinin ardindan yayina hazirlanmasi asamasinda gerekli goriiliirse ilave aragtrmalar
gerceklestirilecektir. Projenin tamamlanmasinin ardindan en ge¢ 2 sene icerisinde makale haline
getirilen verilerin yayinlanmis olmas1 6n goriilmektedir. Projenin detayll sonuglari, proje nihai

raporunda detayh olarak belirtilmektedir.
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INGILIZCE TURKCE (ABSTRACT)

Ceramic materials such as zirconia and alumina due to their hardness and strength are
taking huge consideration as advanced technological materials, especially in textile industry
where the wear and the strength resistance of machine parts used are important. The two
parameters effecting the strength of ceramic materials are packing and sintering parameters
and by adjusting these two parameters, the density of the material can be modified. After
packing of ceramic powders, i.e. obtaining the desired particle size and/or distribution, and
adding chemicals or materials if required, the pressing process is important for the strength of
the green product and subsequently of the sintered product; also the density of the material is
increased when the powder particles are located at the closest vicinity to each other in the
micro scale. During the preparation of the powders, the fineness of the particle size increasing
the surface area, is also significant for sintering and the particle size distribution, i.e. how
narrow or large it is, is also a process constituent which needs to be taken account.

As the parameters of packing and sintering are strategically important, and they are not
mentioned clearly in literature survey, patents or production process of the factories, their
investigation as a reference in the scientific literature, then their potential use as circular
machine element in the textile industry and creating further possible opportunities and studies
related to these parameters in the manufacture of these products till now imported are taking
consideration.

By the literature survey we made and using the experience of our team, we can analyze

our project we accomplished in 4 parts:

0 The determination of the parameters of grinding and particle size distribution of the
powders supplied (zirconia) and appropriate particle size and distribution analysis,

0 The specification of the suitable components and compositions to be pellet using the
FACT-SAGE programe and preparation of powders, homogenization and pelleting,

0 The determination of flexural strength and fracture toughness of materials after
sintering following pressing by Cold Isostatic Press at the constant force and time, of
their densities using Archimedes density measurement method,

0 The identification of phases after sintering by XRD

The researchers, Assoc. Prof. Dr. Biilent EKICI -also the project manager-, Prof.Dr. Ayhan
MERGEN, Assoc. Prof. Dr. Aykut KENTLI and Res. Ass. Ozgiir CINAR contributed to the project.
After the project is accomplished with success, the further studies or investigations will be
executed during its preparation for publishment, if required. It was foreseen that the data
would be published as article at most, two years after accomplishment of the project. The

detailed results of the project are given in the final report of the project.
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Kullanilan harmanlar, igindeki seramik madde oranlari, 48 MPa basing alunda 5 dakika
CIP ortaminda bekletme, ardindan 1600 °C’de sinterleme sonucunda, elde edilen basma
dayanimi, mikrosertlik (500 g, 20 s) ve yogunluk (Archimédes deneyi sonucu) degerleri
Tablo 1’de 6zetlenmektedir. Hazirlanan numuneler 100 mm boyunda ve 10 mm ¢apinda
silindirik numunelerdir, sinter sonrasi kesilerek Archimedes yogunluk ve kirilma toklugu
Olciimi icin olan numuneler 5 mm kalnlga indirilmis, basma deneyi i¢in olan 25 mm

olarak ahnmistir. Sicaklik rejimi soyledir;
40-1600 °C — 4 sa,
1600-1600 °C — 2 sa,

1600-40 °C — 6 sa seklindedir.

Bu sicaklik rejiminde zirkonyum oksitin gecirecegi faz dontsimleri Sekil 1’de

Ozetlenmektedir.

Hacimde % 5
azalma

Monoklinik Faz # Tetragonal Faz Kubik Faz

(1170 °C’ye kadar) < (1170-2370 °C) (2370-2680 °C)

Hacimde % 3-4
artma

Sekil 1. Zirkonyanin sicaklikla beraber gecirdigi faz degisimleri ve kristal kafesteki
degisimler sonucu hacminde meydana gelen degisiklikler.
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Tablo 1. Fact Sage programindan yola ¢ikarak hazirlanan harmanlar.

Harman Ad1 Sinterleme k] Klrlln}a Yogunluk
(Kodu) Sicakhgi Dayanim Toklugu (g/cm3)
(MPa) (MPa.m1/2)
Zirkonya-Silika
o/ Qils
(Z5) 20 % Silika 1160 + 138 5.34 £ 0.14
Zirkonya-
. o .
Alumina (ZA) 35 % Alumina 1210+ 76 4.96 + 0.23
Zirkonya-Titanya
(VAY) 20 % Titanya 1090 + 47 5.23 £ 0.17
Zirkonya-
Alumina-Silika
(ZAS) 22 %-55 %-23 I 4.46% 0.25
Zirkonya-
Alumina-Silika- 22 %-32 %-23
Titanya (ZAST) APLEL 978 + 28 478+ 0.22

Harmanlarin XRD analizleri Sekil 2-6 arasinda verilmektedir.

Sayfa 5



PROJE NIHAI RAPOR
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Sekil 2. Zirkonya-Silika (ZS) numunesinin XRD analizi.
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Sekil 3. Zirkonya-Alumina (ZA) numunesinin XRD analizi.
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Commander Sample ID (Coupled TwoTheta/Theta)
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Sekil 4. Zirkonya-Titanya (ZT)numunesinin XRD analizi.
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Sekil 5. Zirkonya-Alumina-Silika (ZAS)numunesinin XRD analizi.
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Commander Sample 1D (Coupled TwoTheta/Theta)
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Sekil 6. Zirkonya-Alumina-Silika- Titanya (ZAST) numunesinin XRD analizi.
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