artistik seramik
sirlarinin uretilmesi

Producing artistic glazes
from cullet

OZET

Camin kalitesi diismeden cok defa geri donustirilebilmesine
ragmen geri kazanima uygun olmayan bazi cam tirleri vardir.
Hammaddelerin, enerjinin ve dogal kaynaklarin korunmasi ve
cevre kirliligindeki azalma iliskisi agisindan, camin geri
kazandirilmasi yontinde kuvvetli bir destek vardir.

Seramik ise camdan daha dnce kesfedilmistir. Seramik siri teknik
olarak camdan baska bir sey degildir. Bu nedenle, atik camlardan
artistik seramik sirlart olusturulmasi mimkandur.

Cam tozlarina cesitli eriticilerin ve renklendiricilerin eklenmesi ile
uygun kompozisyonlar yaratilmis; krakle, mat, akici, toplanmali
ve kristal sirlar olusturulmustur. Ortaya cikan artistik sirlar
uygulama olarak cesitli seramik objelere aktarilmistir. Boylece
atik camlar artistik sir olarak dekoratif amaglarla giinlik yasantimiza
tasinmistir.

1. GIRIS

Seramik ve cam bir buttinin parcalari gibidir, birbirlerini
tamamlarlar. Kimyasal olarak ise cam bir tiir seramiktir. Temel
olarak ayni hammaddelerden olusurlar. Teknolojik gelismeler de
bu nedenden dolayi birbirine paralel olarak ilerlemistir.

Tarihte insanlar tarafindan camin ilk kez eritilmesi, seramigin
kullanimindan cok sonradir. Comlekgiligin tarihcesi yaklasik M.0.
8. binyilile 6. binyillara rastlamakta olup, diinyanin degisik
bolgelerinde birbirlerinden kopuk olarak ayri ayri gelismistir. Cam
ise yaklasik M.0. 3. binyilda Mezopotamya'da kesfedilmistir. Daha
sonra Misir'daki zanaatkarlarin yaptiklari kesiflerde; ¢comlek
gamuruna camin ana maddelerinden biri olan “soda”nin eklenmesi
ile siryapiminin temelleri atilmistir. Yzyillar stiren asamalar
sonucu zanaatkarlar; camin ve seramigin kimyasini birlestirerek
“Seramik Sirt Konseptini” ni olusturmuslardir. Ginlimizde ise
seramik ve cam teknolojileri gecmise oranla ¢ok fazla gelismistir.
Degismeyen tek sey ise camin ve seramigin hammaddeleridir.
Seramik sirlarinda ise pek cok asamalar kaydedilmis, bir¢ok yeni
tur yaratilmistir.

Camin artistik seramik siri olarak kullanilabilmesinin nedeni ise,
camin seramigin temelini olusturmasidir. “Cam, dogasi geregi
seramik siridir.” Buradan cikarak artistik sirlara ulasmak amag
edinilmistir. Bu sayede cok farkli artistik sirlarin olusturulmasi
mimkin olabilmektedir.
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ABSTRACT

Although glass can be recycled infinitely without loss of quality,
there are some glass products that are not suitable for recycling,
mainly based on the conservation of raw materials and energy,
and the associated reduction in pollution.

Ceramic has been found before the discovery of glass. Glaze is
technically nothing but glass. For this reason it is possible to form
glaze from crushed glass, called “Cullet”.

Corresponding compositions are created by adding stiffeners (such
as clay and fluxes), melting agents (such as lead or soda) and
coloring oxides to cullet; cracle, matte, crawling and cristaline
glazes are made. Artistic glazes which show up are carried to
various ceramic objects. Thus these cullets have come into our
daily life as artistic glazes which are used for decorative purposes.

1. INTRODUCTION

Ceramic and glass are like pieces of a whole, they complete
eachother. Interms of chemistry, glass is a kind of ceramic. Basicly,
they are made of the same raw material. For this reason
technological development has been paralel in both areas.

Historically, melting of the glass by mankind, for the first time, has
been far later than the use of ceramics. Pottery which has a history
that meets years BC 8000-6000, has developed separately in the
different parts of the world apart from each other. Glass, on the
other hand has been discovered in Mezopotamia approximately
inyear 3000 BC. Later, through the discoveries made by the
craftsman in Egypt, the foundations of glaze-making have been
laid by adding soda to clay, which is one of the basic materials of
glass. After going through many phases through years, craftsman
have set the “Concept of ceramic glaze” by combining the glass
chemistry and ceramics.

Today, ceramic and glass technologies have improved a lot when
compared with the past. The only thing that remains unchanged
is the raw material of glass and ceramic. Ceramic glazes have
gone through many phases and many types have been created.

The reason why glass can be used as artistic ceramic glaze is that
glass is the basis of ceramic. “Glass, by nature is glaze”. Taking

this into consideration, it was aimed to acquire artistic glazes; and
due to that, forming different artistic glazes may be possible. Using
glass is considered as an adventage in making artistic glaze. Glass
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Artistik seramik siri yapiminda camin kullanimi avantaj olarak
kabul edilmelidir. Bunun nedenleri; cam kullaniminin ekonomik
olmasi, hammaddeye kolay ulasilabilinmesi, pratik olmasi, 6zgiin
sirlarin ortaya cikabilmesidir.

Ancak artistik seramik sirlarinin olusturulmasinda bazi sinirlar
vardir. Cam tozu kullanarak seramik siri olusturulmasi, normal
sir olusumundan teknik olarak farklidir. Normal sirlar “Seger”
yontemi kullanilarak hazirlanirken, cam tozu kullanilarak elde
edilen sirlarda bu yonteme ihtiya¢ duyulmaz. Cam tozlarina belirli
eriticilerin, hammaddelerin ve renklendiricilerin eklenmesi yeterli
olabilmektedir. Bunun yaninda cam tozu kullanarak tiim artistik
sirlar da elde edilemez. Yine de bu yontemler ile elde edilen sirlar,
gunlik yasamda dekoratif amaglar icin kullanilmaya musaittirler.

Gelisen teknoloji icinde atik camlarin kullanimi gerek sanatsal
gerekse endustriyel olarak glin gectikce artmaktadir. Bu calismada
atik camlardan sadece artistik seramik siri olusturulmasi
amaclanmistir.

2. ATIK CAMLAR / GERI DONUSUM
2.1. Camin Kullanimi

Camin bircok kullanim yeri vardir ve bunlardan en popdiler, orijinal
olaniise ambalajdir. Camin temel 6zellikleri onu son derece istek
uyandiran bir madde kilar. Hijyeniktir, nétrdir ve icinde saklanabilen
icerigin karakteristiklerini degistirmez. Saydam cam icindekileri
gériinir kilarak tiiketicilerde daha gok alim istegi uyandirir. icerigin
korunmasi icin renklendirilebilinir ve icerigin gozle gorilebilmesi
Urtnin satisi icin onemli bir etkendir.

Camlar genellikle renklerine gore siniflandiritirlar: Saydam camlar
(kavanozlarin ¢ogu), yesil camlar (sarap siseleri) ve kahverengi
camlar (bira siseleri).

Kirlenme camin geri kazandirilmasini engeller. Geri doniisim
yapilacak cama yanlis tiirde bir maddenin karismasi sonucta
¢ikacak butln geri dontsimli camlarin atilmasina neden olur.
Ornegin sadece 25 gr.lik seramik parcasi biitiin bir tonluk camin
kirlenmesine neden olur. Geri dontisiimi yapilacak camlarin
sadece bu amacla toplanmasi gerekir. Geri doniisim yapilacak
camlarla ilgili onemli bir kural; i¢cinden bakildiginda disarisi
gorilemeyen (saydam olmayan) cam geri déniistim icin uygun
degildir. Eger cam suipheli ise diger camlarti riske sokmamak igin
bunun geri dontisim disinda tutulmasi gerekir. Ayrica bitin
kapaklarin, agizlarin ve tipalarin ¢ikarilmasi gerekir. Bu maddeler
genellikle celik veya plastikten olusur, bunlar da aralarinda geri
donusturulerek kullanima kazandirilabilirler.

2.2. Hangi Camlar Geri Kazandirilabilir?

Camin kalitesi diismeden cok defa geri donustirilebilmesine
ragmen geri kazanima uygun olmayan bazi cam tiirleri de vardir.
Bunlar geri kazandirilacak camda kirlenmeye neden olacak agir
metal oksitler iceren uriinlerdir ve bunlar sonunda trtinde kusurlar
olusturarak kalitenin diismesine neden olurlar.

Geri kazandirilabilen camlar

e Biitlin saydam, yesil, kahverengi siseler

e Alkolslz icecek, maden suyu, sarap ve bira siseleri
e Biitlin cam kavanozlar
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using is economical, practical, that it is easy to reach the material
and so that original glazes may be formed.

Nevertheless, there are some boundaries of forming glazes.
Technically, forming glazes by using cullet differs from ordinary
glaze forming. The “Seger” technique is used to prepare ordinary
glaze, while this technique is not needed to prepare glaze obtained
from cullet. Adding specific fluxes, raw materials and coloring
oxides to cullet, may be sufficient. Besides, all artistic glazes can
not be obtained by using cullet. Still, glazes that are preparedby
this procedure are available for daily decorative purposes.

The use of glass both artistically and industrially is improving day
by day through technical development. Within this work, forming
artistic glaze from waste glass is aimed.

2. RECYCLING
2.1. The Use of Glass

Glass has many uses, an done of the most popular and original is
packaging. The unique properties of glass make it a highly desirable
material. It is hygienic, neutral and does not change the
characteristics of the content stored in it. Clear glass makes the
contents visible and attractive to consumers. It can also be tinted
to protect the contents and supply eye-cathcing ability as well,
which is important factor in marketing the product.

Glass is generally classified according to its colour; clear (most
glass jars), gren(wine bottles) and brown/amber (beer bottles)

Contamination prevents glass from being recycled. Putting in the
wrong type of material together with recyclable glass will caused
the whole lot to be rejected. For example, just 25 g of ceramic can
contaminate a whole tonne of glass. This then has to go to landfill,
as the contaminants cannot be efficiently separated out. Be sure
that only recyclable glass is collected for recycling. A simple rule
of thumb is that any thing that you cannot see through, when held
against the light is not suitable for recycling. If doubtfull, it's beter
to leave them out of recycling bin than risk contaminating the
whole lot. Also remember to remove all caps and lids. These are
generally steel or plastic and be recycled separately.

2.2. What Types of Glass Can and Cannot be Recycled?

Although glass can be recycled infinitely without loss of quality,
there are some glass products that are not suitable for recycling.
They contain heavy metal oxides that can contaminate recycled
glass and result in imperfection and poor quality of the product.

Glass suitable for recycling

All clear, gren and amber glass bottles.
Soft drink, mineral water, wine, beer.
All glass jars.

Glass not suitable for recycling

Broken window glass.

Broken wind screends.

Heat treated glass e.g. Corning Ware.
Pyrex, vision ware, ceramics, vases, china.
TV tubes.

White opaque bottles.

Labotary bulbs& fluorescent tubes.
Mirrors.



Geri kazandirilamayan camlar

e Kirik pencere camlari

e Otomotivde kullanilan 6n cam kiriklari
* Pyrex, gozlik camlari, seramikler, vazolar, porselen urdnler
e |si uygulanmis camlar; arkorok kaplar
o TV tipleri

* Beyaz opak siseler

e Tibbi ve laboratuvar camlart

e Ampuller ve fluoresan tupleri

* Cam elyaflar (fiber cam)

e Aynalar

2.3. Camin Geri Donlisiimiiniin Yararlari

« 0giitilmiis cam kullanimi dogal kaynaklari kurtarir.

e Geri kazandirilan camlar, harmanlanmis hammaddelerden
yapilan camlardan daha dislk sicakliklarda islemden gegirilir.
e Geri donustirilen cam hava kirliligini % 20 ve su kirliligini %50
oraninda azaltir.

e Kati atigin miktari azalir.

Turkiye'de, geri dontisimde itk adim 1970’lerin basinda Sisecam
tarafindan atilmistir. Sisecam, 2000 yili sonuna kadar 1 milyon ton
cam ambalaj atigini tiretime katarak yeniden sise/kavanoz haline
getirmistir. Adet olarak 2 milyarin Gzerinde cam ambalaj ile ifade
edilebilen bu deger dogal kaynaklardan 45 trilyon TL degerinde
25 bin ton fosil yakit ve 1,2 milyon ton hammadde tasarrufu
saglamistir. Her yil ortalama 65-70 bin ton atik cam islenerek,
%36 lik cam kazanim oranina ulasilmistir.

3. UYGULAMALAR
3.1 Cam Tozlarinin Elde Edilmesi

Uygulamalarda kullanilacak en 6nemli hammadde olan cam
tozunu, guinlik kullandigimiz birgok cam objenin ezilerek 6gdittilmesi
ile elde edebiliriz. Bu hammaddenin saglanmasinda yasam
ortamlarimiz biriktirilen siseler ve kavanozlar bile yeterli
olabilmektedir.

Siseler ve kavanozlar renklerine gore ayrilip, siniflandiritirlar.
Uzerlerindeki yabanci maddeler; kagitlar, kapaklar-... vs. titiz bir
sekilde cikartilir. Daha sonra camlar kendi gruplari icinde kirilip,
ince bir toz haline gelene kadar ezilirler. Bu tozlar bir elekten
gegirilerek aralarindaki iri cam parcalarindan arindiritirlar (Resim1).

Renksiz saydam camdan elde edilen cam tozunun, sadece ezilmek
yerine, sir yapiminda kolaylik saglanmasi ve sirin gelismesinde
tane buyukluglnin saglayacagl dezavantajlar yiziinden,
oguttlmesinde yarar vardir. Ancak renkli camlardan elde edilecek
cam tozlart icin ayni yontem gecerli olmamaktadir. Renkli camlar
ogutulerek cam tozu haline getirildiklerinde; firinlama isleminden
sonra camlarin kendi renginden elde edilmek istenen renk
kaybolmaktadir. Bunun icin renkli camlar oguttilmeden ezilmelidir.

3.2. Cam Tozlar Kullanilarak Artistik Seramik Sirlarinin Elde
Edilmesi

Artistik sir adi altinda toplanan sirlar, endustriyel Uretimde az
kullanilan veya hic kullanitlmayan, buna karsin, endistriyel yontemler
ile Uretilen parcalari da kapsamak tzere, kullanildigi her triine
sanatsal deger katan sirlardir.

Artistik sirlarin tanimlanmasinda on planda gelen iki belirgin 6zellik,
artistik sirlarin doku ve renk ozellikleridir.
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2.3.Views on the Benefits of Glass Recycling

e Using cullet saves the natural resources.

¢ Recycled glass can be processed at a lower temperature than
blending glass from raw materials.

¢ Recycling glass reduces related air pollution by 20 % and the
water pollution 50 %.

e The quantity of solid waste is reduced.

In Turkey, recycling started in early 70's, by Sisecam. Sisecam has
used 1 million tons of waste glass and recycled into bottles and
jars, up till the end of year 2000. By this way, we can say that; the
value over 2 billion pieces of waste glass which 45 trillion TL. of
natural resources; 25 thousand of fossil fuels and 1,2 million ton
raw material was saved. Every year, approximately 65-70 thousand
tons of waste glass has been processed and reached 36 % gained
glass.

3. APPLICATION
3.1. Obtaining Cullet

Cullet which is a primary raw material that will be used in the
applications can be obtained by grinding glass that are used daily.
In providing this raw material even bottles and jars collected in our
enviroment can be sufficient.

Bottles and jars are classified according to their colour. Forreign
materials on them like caps and lids are removed carefully.
Afterwards, glass are broken into pieces in their own groups till
they turn into dust.Then the dust is sifted and the remaining big
glasses are removed.

The ground cullet obtained from transparent glass is more
adventageous than crushed one, only in order to have support in
glaze making and to avoid the dis advantages, that the big pieces
will cause. However, the same method won't be valid for cullet
that will be obtained from coloured glass. When coloured glass
are ground into cullet, the colour which is aimed to obtain from
the own colour of the glass dissapears after the firing process. For
this reason coloured glass should be crushed without grinding.

3.2. Obtaining Artistic Glaze by Using Cullet

Clazes that is tittled under “artistic glaze” wheather used minorly
in industrial production or not used at all, comprising all pieces
produced by industrial techniques adds an artistic value to all
products they are used in.

Resim 1/ Picture 1
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Ornegin bir saydam porselen sirinda veya ortiicii bir akgini sirinda
ilk aranan ozellik; hatasizlik ve standartlik, ayni renk, doku ve
goruntu ozelligidir.

Artistik sirlarda ise renk ve ozellikle doku elde etmede,
rastlantilardan sirin bir 6zelligi gibi yararlanilir.

3.2.1. Dogal Krakle Sirlar

Krakle sir s6zctigi ile seramik sirlarinda; yiizeyi belirgin bir catlak
agi ile kaplanmis sirlar tanimlanir.

10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay

10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay
10 kisim/part cam tozu/cullet

1 kisim/part kaolin/clay

10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay

The two major features that are outstanding in defining artistic
glaze are the tissue and colour features of the artistic glaze. For
example, in a transparent china glaze or opaque stoneware glaze,
the first major feature is perfection and standartization; even colour,
tissue and appereance.

However, in obtaining colour and especially tissue in artistic glaze,
coincidences are taken adventage of just like a caracteristic of the
glaze.

Resim 2/ Picture 2
5 kisim/part kalsine/calc. soda 3 kisim/part Zn0O 0,57 kisim/part FeO
5 kisim/part kalsine/calc. soda 3 kisim/part ZnO 0,57 kisim/part CuO
5 kisim/part kalsine/calc. soda 3 kisim/part ZnO 0,57 kisim/part CoO
5 kisim/part kalsine/calc. soda 3 kisim/part ZnO 0,57 kisim/part Cr,05
5 kisim/part kalsine/calc. soda 3 kisim/part ZnO 0,57 kisim/part Mn0,

10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay

1a ‘da FeO orani az oldugu icin sir acik sari renktedir. 1b ‘de ise
CuO orani siricin yeterlidir. 1c ve 1d"de CoO ve Cr,03'in boyayic
ozelliklerinin yuksek olmasi nedeni ile sirlar saydamUklarini
kaybetmeden, maksimum oranda renklenmistir. Ancak 1e’de
MnO,’in hacimsel genlesme etkisinden dolayi sir koplrmiistiir
(Resim 2).

3.2.2. Mat Sirlar

Seramik Uriiniin ylzeyi gelen i1sig1 yansitmayacak sekilde mat bir
tabaka ile kapli olan sirlar, mat sirlar olarak tanimlanirlar. Bu
deney grubunda ise temel artistik mat sir, cizelgede gorilen
miktarlarda metal oksitler kullanilarak renklendirilmistir.

Mat sirin renklendirilmesinde, oksit oraninin azligi veya coklugu
sirin kalitesini etkilemez. 2a’da sirin kalin siirdldugd yerler san,
ince suirlildligu yerler ise kahverengidir. 2e’de ise MnO,'in hacimsel
genlesme etkisi nedeni ile sir képtirmustiir(Resim 4), (Resim 6).
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3.2.1. Natural Cracle Glaze

In glazes, the word “cracle glaze” defines glaze that has a surface
plainly covered by a net of cracks.



=0 10 kisim/part cam tozu/cullet | 1 kisim/part kaolin/clay

W 10 kisim/part cam tozu/cullet | 1 kisim/part kaolin/clay
Pl 10 kisim/part cam tozu/cullet | 1 kisim/part kaolin/clay
uh 10 kisim/part cam tozu/cullet | 1 kisim/part kaolin/clay

x| 10 kisim/part cam tozu/cullet | 1 kisim/part kaolin/clay

1.25 kisim/part K feldspat/felspar

1.25 kisim/part K feldspat/felspar

1.25 kisim/part K feldspat/felspar

1.25 kisim/part K feldspat/felspar

1.25 kisim/part K feldspat/felspar
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1.25 kisim/part Na feldspat/felspar | 0.4 kisim/part FeO
1.25 kisim/part Na feldspat/felspar | 0.4 kisim/part CuO
1.25 kisim/part Na feldspat/felspar | 0.4 kisim/part CoO
1.25 kisim/part Na feldspat/felspar | 0.4 kisim/part Cr,04
1.25 kisim/part Na feldspat/felspar | 0.4 kisim/part MnO,

3.2.3. Akici Sirlar

Yapilari geregi, pisme sirasinda normalden fazla akan, artistik
sirlardir. Genellikle mat veya az akiskan parlak sirlarin tizerine
surtlerek kullanilan akici sirlar, pisme sirasinda alttaki sir ile
birlikte artistik dokular olustururlar. Bu deney grubunda (sirin
akiskanlik etkisini daha iyi gézlemleyebilmek icin;) biskiivi plakanin
tzerine, renksiz mat sir uygulanmistir. Akiskan sir ise 2.kat olarak
sadece plakanin Ust yarisina strilmustir. Deneme plakalari firinda,
yuzey ile 60° lik ac1 yapacak sekilde yerlestirilip, firnlanmislardir.

In 13, the glaze is in light yellow caused by small proportion of FeO.
However in 1b, the proportion of CuO is sufficient fort he glaze. In
1cand 1d, the glazes are coloured maximum without loosing
tranparency due to their high dying quality. Whereas in 1e, the
glaze is rised because of the volume expansion effect of MnQ,

(Picture 2).

Mat sir/ Matte Glaze 10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay 1.25 kisim/part K feldspat/felspar 1.25 kisim/part Na feldspat/felspar
Mat sir/ Matte Glaze 10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay 1.25 kisim/part K feldspat/felspar 1.25 kisim/part Na feldspat/felspar

10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay

10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay
3 10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay
3d 10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay

3e 10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay

w w
6o o )

3a’da FeO oraninin az olmasi nedeni ile sir; acik sari renktedir.
3b’deki sirin transparantligi yeterlidir. 3c’de CoO siri koyu bir renge
boyamistir. 3d'de ise Cr03'in bir 6zelligi olarak, oksit sodaile
kullanildiginda sirda ayrismalar olusabilmektedir. 3e’de MnO5'in
hacimsel genlesme etkileri sirda gozlenmektedir. Sirlar, mat sir
tizerine uygulandiklart icin akicilik etkileri dengelenmistir (Resim5).

7 kisim/part kalsine/calc. soda 0.54 kisim/part FeO
7 kisim/part kalsine/calc. soda 0.54 kisim/part CuO
7 kisim/part kalsine/calc. soda 0.54 kisim/part CoO
7 kisim/part kalsine/calc. soda 0.54 kisim/part Cr,05
7 kisim/part kalsine/calc. soda 0.54 kisim/part MnO,
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3.2.4. Toplanmali Sirlar

Pisme sirasinda damarlar ve adaciklar seklinde toplanarak ylizeyde
artistik dokular olusturan sirlardir. Bu gruptaki sirlar ilgili cizelgede

3.2.2. Matte Glaze

Glaze that are covered with a matte layer
for the ceramic not to reflect the light,

is defined as “Matte Glaze”. In this
experiment group, the essential artistic
matte glaze is coloured by using the
amounts of metal oxide shown on the
relevant table.

gorilen miktarlarda metal oksit katkilari ile renklendirilmislerdir.
Sirlar plakalara asiri kalin miktarlarda surilmuslerdir.

In colouring matte glaze, the quality of
the glaze is not a effected by the
proportion of the oxide. In 2a the parts
that the glaze is applied in thick layers
are yellow, whereas the parts that is
applied in thin layers are in Brown. In 2e
glaze is rised because of the volume
expansion of MnOj (Picture 4),

(Picture é).
Resim 4 / Picture 4
10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay 2.5 kisim/part PbOy 5 kisim/part MgO 0.55 kisim/part FeO
10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay 2.5 kisim/part PbOy 5 kisim/part MgO 0.55 kisim/part CuO
10 kisim/part cam tozu/cullet 1 kisim/part kaolin/clay 2.5 kisim/part PbOy, 5 kisim/part Mg0 0.55 kisim/part CoO
10 kisim /part cam tozu/cullet 1 kisim/part kaolin/clay 2.5 kisim/part PbOy 5 kisim/part MgO 0.55 kisim/part Crp03
10 kisim /part cam tozu/cullet 1 kisim/part kaolin/clay 2.5 kisim/part PbOy 5 kisim/part Mg0 0.55 kisim/part Mn0O2

3.2.3. Flowing Glazes

= These are the artistic glazes that are more flowing during firing

' due to their structures. Flowing glazes which are usually used by
applying less flowing bright glazes form artistic tissues together
with the glaze underneath during the firing process. In this
experiment group (in order to observe the flowing effect of the
glaze) transparent matte glaze is applied over the biscuit plaque.
Flowing glaze on the other hand is applied as a second layer on
the top of the plaque. The experimental plaques are placed to
Resim 5/ Picture 5 make an angle of 60° in the kiln and fired.
In 3a the glaze is light yellow because of the small proportion of
FeO. The transparency of the glaze in 3b is sufficient. In 3c CoO
has dyed the glaze into a darker colour. In 3d, when Cry03 is
together with a soda, there may be decomposition in the glaze
caused by the characteristic of Cry03 . In 3e the volume expansion
effect of MnO, is observed in the glaze. the flowing effect balanced,
as the glazes are applied over the matte glaze (Picture 5).

3.2.4. Crawling Glaze

These are glazes that form artistic tissues over the surface gathering
like veins and insulas during firing. Glazes in this group are dyed
with metal oxide additions in amounts shown on the table. The
glaze is applied in excessive amounts over the plaques.

Resim 6/ Picture 6
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4b’de CuQ'in slilyen ile beraber kullanimi nedeni ile sir turkuvaz
yerine yesile kayan bir renk alir. 4c’de CoO ile oldukca diizgiin
kabarikliklar elde edilirken, 4d’de ise Cry03 in verdigi bir 6zellik
olarak bunlar yuvarlak hatlidir. 4e’de ise MnOy'in verdigi hacimsel
genlesme etkisi ile sirda koplrmeler olusmustur (Resim 3).

4. SONUC

21.yuzyla girildiginde, cam Uretiminde kullanilan enerji miktari

% 25 oraninda azalmistir. Bu disuste rol oynayan onemli etkenler;
glincel yakitlarin kullanilmasi, gelistirilmis firin tasarimlari, eritme
tekniklerive geri dondstiirtilen cam kullaniminin artmasi ile ilgilidir.
Clnki camin en onemli 6zelligi % 100 oraninda, yipranmadan ve
kalitesinde bir diistis olmadan, defalarca geri donustirdlebilmesidir.

Geri donusturulerek elde edilen atik camlardan artik yeni projeler
gerceklestirmek gerekmektedir. Bu baglamda artistik seramik
sirlarinin yapiminda atik camlarin kullanimi avantaj olarak kabul
edilmelidir. Bunun nedenleri; ekonomik ve pratik olmasi, atolye
ortamlarinda kolay elde edilebilmesi, enerjinin ve dogal kaynaklarin
korunmasi ve cevre kirliligindeki azalma iliskileridir.

Seramik sirlarinda kullanilan eriticilerin yerlerinin atik camlar ile
yer degistirmesi sonucu, seramik sirlarinin birim maliyetleri de
giderek dismektedir. Atik camlar ile diisiik sicakliklarda rahatlikla
gelistirilebilecek artistik sirlardan baska, raku sirlari da arastirilabilir.
Indirgen firin ortamlarinda sir arastirmalari yapilabilir, listerli sir
kompozisyonlari olusturulabilir.

Resimler / Pictures

Ogiitiilmiis renksiz cam

Krakle sir uygulamasi. 1000°C

Krakle ve toplanmali sir uygulamasi Krakle sir: 1000°C
Toplanmali sir: 1200 °C

Mat ve akici sir uygulamasi. 1000°C

Akici sir uygulamasi. 1000°C

[ Mat siruygulamasi. 1200°C

[=) F=3 K=}

(=] K=
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In 4b, due to the use of CuO with PbOy the the glaze is closer to
green than turquoise. In 4c regular blisters are obtained whereas
smooth, in 4d these are round shaped caused by the characteristics
of Cry03. In 4e the glaze is rised again due to the volume expansion
effect of MnOj ( Picture 3).

4. CONCLUSION

Over the years the amount of energy used to manufacture glass,
has reduced by more than 25%. The significant reduction in energy
use is due to the use of natural gas as the dominant energy,
improved furnace design and melting techniques, and the increased
use of cullet. The amazing thing about glass is that it is 100 %
recyclable. It does not wear out and can be recycled over and over
again without any reduction in quality.

New projects should be raised upon waste glass that is acquired
through recycling. In that aspect, using waste glass in making
artistic glaze should be considered as an adventage. The reasons
for that are that they are economical, practical, are easily acquired
inworkshops and that the energy and natural sources are protected
and the correlations in decreasing pollution.

The removal of melters used in ceramic glazes with cullets, has
brought about a gradual degrease in unit costs of ceramic glaze.
apart from artistic glaze that can easily be developed in low
temperature, raku glazes can also be researched. In reduced kiln
environment glaze research may be, and lusterware glaze
compositions can be formed.
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Stronsiyum hekzaferrit
seramik miknatis
uretimi

Production of strontium hexaferrite

ceramic magnet

OZET

Ferrit olarak adlandirilan manyetik seramik malzemeler ilave bir
metalik iyon iceren demir oksitli bilesiklerdir. Genellikle ferritler,
yumusak ve sert ferritler olmak tzere iki gruba ayritirlar. Bu
calismayla, iyl demanyetizasyon direnclerinin yani sira, maliyetleri
de dustik olan stronsiyum ferrit kalici seramik miknatislarin tretimi
incelenmistir. Demir oksit (Fe,04) kaynagi olarak hematit (~%
99,97 Fe,05), stronsiyum oksit (Sr0) icin stronsiyum karbonat
(SrCO;) ve tane bilylimesi kontrol icin silika (~% 99 SiO,)
kullanilmustir. Stokiyometrik olmayan Sr0.4Fe,05, SrO.5Fe,05,
Sr0.5,5Fe;04 ve stokiyometrik Sr0.6Fe,05 bilesiklerinin karisimlar
hazirlanmis ve karistirma, 6glitme, kalsinasyon, sekillendirme,
baglayici uzaklastirma, sinterleme ve manyetizasyon islemleri
uygulanmustir. Kalsinasyon 1000, 1100 ve 1200 °C’de 4 saat olarak
yapilmistir. Kalsine edilen tozlarda olusan fazlar X-isinlart kirinim
cihazi (XRD] ile belirlenmistir. Bitiin numuneler ayni sicaklikta ve
rejimde sinterlenmislerdir. Daha sonraytizey diizgunlikleri saglanip,
manyetizor yardimi ile manyetik hale getirilmislerdir. Elde edilen
son Urlin olan stronsiyum hekzaferrit seramik miknatislarin
yogunluklari ve manyetik 6zellikleri tespit edilmistir.

Anahtar Kelimeler : Manyetik seramikler, ferrit, stronsiyum
hekzaferrit Gretimi, manyetik ozellikler.

1. GIRIS

Ferritlerin yapisinda demir oksit [Fe203] ve cesitli ilave metal
iyonlart bulunur. Fe,05 ile birlesen iyonlar kristal yapiyi ve ferritin
tipini belirler. Yumusak ferrritler manyetik alandan cikarildiktan
sonra manyetik 6zelliklerini yavas yavas kaybetmeye baslarlar yani
gecici manyetiklik sergilerler. Yumusak feritlerin cogu ters spinel
yapisinda olup, MO.Fe,04 veya MFe,0, genel bilesimine sahiptirler.
M iki degerlikli metal iyonunu, (Fe*2, Mn*2, Ni*2veya Zn*?)
gostermektedir. Yumusak ferritler dakikada bir cok kez
manyetizasyon ve demanyetizasyon edilebildikleri igin, alternatif
akim guic ve yiiksek frekans islemleri gerektiren uygulamalaricin
tercih edilirler. En onemli kullanim alanlarindan bazilari disik
sinyalli hafiza cekirdegi, ses ve goriintd cihazlari ve kayit kafalaridir.
Sert ferritler sirekli manyetik 6zellik gosterirler ve bunu yitirmezler.
Kalict miknatis olarak kullanilan sert ferritlerin cogu hekzagonal
kristal yapisinda olup MFe17019 veya MO.6Fe,05 kimyasal bilesimine
sahiptirler. Bilesimdeki M yerine Ba, Srveya Pb gelebilir. Bu
gruptaki en 6nemli ferrit, 1952'de Ferroxdure ticari adiyla “Philips
Company” tarafindan piyasaya surtlen baryum hekzaferrittir
(Ba0.6Fe,05). Yakin zamanda baryum hekzaferritlerin yerine daha
iyi manyetik 6zelliklere sahip stronsiyum hekzaferrit (Sr0.6Fe,05)
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ABSTRACT

Magnetic ceramics classified, as ferrites are iron oxide compounds
that contain an additional metallic ion. Ferrites are commonly
divided into two groups such as soft and hard ferrites. In this study,
the production of strontium hexaferrite ceramic permanent magnets
was investigated because of their low cost besides good resistance
to demagnetisation. Hematite (Fe,05 with ~% 99,97 purity), strontium
carbonate (SrC05) as Sr0 source and silica (Si0, ~% 99 purity) as
a grain growth-controlling agent were used for the experimental
work. Stoichiometric compound of Sr0.6Fe,05 and a series of
non-stoichiometric compounds Sr0.4Fe,05, Sr0.5Fe,05,
5r0.5.5Fe,04 were prepared by using classical ceramic processing
route. Calcination was done at 1000, 1100 and 1200 °C for 4 hours.
Phases in the calcined powders were determined by X-ray
diffractometer (XRD). All samples were sintered obeying the same
thermal regimes. After surface preparation for smoothness, the
samples were magnetized by using magnetizer. The densities and
magnetic properties of the final products were investigated by
using the relevant techniques.

Key Words: Magnetic ceramics, Ferrite, Production of strontium
hexaferrite, Magnetic properties.

1. INTRODUCTION

Iron oxide (Fe,05) and various additional metallic ions are present
in the structure of ferrites. lons combining with Fe,0, determine
the crystal structure and ferrite type. Soft ferrites are going to loose
their magnetic properties slowly after removing them from magnetic
field. In other words, they exhibit temporary magnetization. Most
soft ferrites have inverse spinel structure and have the general
composition MO.Fe,05 or MFe,0,, where M is a divalent metal ion
such as Fe*2, Mn*2, Ni*2 veya Zn*2. Soft ferrites are the obvious
choice for applications requiring ac power and high frequency
operation since they must be magnetized and demagnetised many
times per second. Some of the most important uses for soft ferrites
are low-signal levels, memory-core, audiovisual, and recording-
head applications. Hard ferrites show permanent magnetic
behaviour. Most of the hard ferrites, which are used for permanent
magnets, have the general chemical formula of MFe1,,049 or
MO.6Fe,05 and these are hexagonal in crystal structure. The most
important ferrite of this group is barium hexaferrite (Ba0.6Fe,04),
which was introduced by the Philips Company in 1952 under the
trade name Ferroxdure. In recent years, the barium hexaferrites
have been replaced to some extent by the strontium hexaferrites



kullanilmaya baslanmistir. Sert ferrit seramik kalici miknatislar
dislk maliyetlerinden dolayi elektrik motorlarinda, jeneratorlerde,
rolelerde ve motorlarda genis bir uygulama alani bulur. Elektrik
uygulamalarina ornek olarak hoparlor miknatislari, telefon zilleri
ve alicilar gosterilebilir. Bunlar ayni zamanda kapi kapama
tutaclarinda, contalarinda ve mandallarinda ve ¢esitli oyuncaklarda
kullanilirlar. [1-5]. Sekil 1°de stronsiyum hekzaferritin (SrFe1,019
veya Sr0.6Fe,04] kristal yapisi gosterilmektedir [6].

F53+

2

Yo

Sekil 1: Stronsiyum hekzaferritin (SrFeq,019) kristal yapisi.
Figure 1: The crystal structure of strontium hexaferrite (SrFe;,019).

Seramik miknatislar onemli bir 6zellik olan yiiksek elektriksel
direncin saglanmasi i¢cin yogun, homojen ve kristalin yapida metal
oksitlerin kimyasal olarak baglanmasiyla elde edilmektedirler [7].
Normalde seramik miknatis yapiminda hammadde olarak demir
oksit ve Ba, Sr gibi karbonatlar kullanilir. Ferritlerin manyetik
ozellikleri cogunlukla sentezlenen tozlarin tiretim yontemlerine
bagldir [7]. ilgili konularda pek cok galisma mevcuttur. Stronsiyum
hekzaferrit tozlari geleneksel olarak, SrCO5 ve Fe,05'lin yiiksek
kalsinasyon sicakliklarinda (~1200 °C) kati-hal reaksiyonu sonucu
elde edilirler [8]. Bunun disinda ultra-ince SrFe12019 tozu
hazirlamak icin hidrotermal [9-10], tuz-ergitme (salt-melt] [11],
birlikte-goktlirme [12-15], sol-jel [16] ve sonokimyasal [17] gibi
dislk sicaklik kimyasal yontemleri de kullanilmaktadir. Seramik
miknatislar genelde BaO veya BaCOj; veya Sr bilesiklerinin Fe,05
ile kanistirilmasi ve bu tozlarin 1000-1200 °C arasinda kalsinasyon
islemi yapildiktan sonra sekillendirilip 1200-1300 oC sinterlenmesiyle
uretilirler [18]. Genelde kalsinasyon sicakligi 1100-1200 °C arasinda
iken daha iyi manyetik zellikler elde edilmektedir [7]. Yapilan bir
calisma sonucunda 1200-1250 °C’de sinterlenen miknatislarda
tane blyimesinin diistk ve tane yapisinin ¢ok diizgiin oldugu
belirlenmistir [19]. En yiiksek yogunluga ise 1250 °C’de sinterlenmis
numunelerde ulasitmistir [19]. Stronsiyum hekzaferritte Fe,05/SrO
oraninin manyetik ozelliklere etkisinin incelendigi bir baska
calismayla en iyi manyetik 6zelliklerin (kontrollii SiO, ve Ca0
ilaveleri ile) optimum oranin 5,75-5,85 olmasi sonucu ortaya ¢iktigi
belirlenmistir [20]. Murillo ve arkadaslari [21] manyetik partikillerin
hizalanmasl amaciyla manyetik alan altinda toz enjeksiyon kaliplama
sonucu sinterleme yapip anizotropik Sr-ferrit kalict miknatislarini
Uretmis ve yliksek manyetik ozelliklere sahip malzemeler elde
etmislerdir.
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(Sr0.6Fe,04), which have superior magnetic properties compared
with the barium hexaferrites. Hard ferrite ceramic permanent
magnets find widespread use in electrical motors, generators,
relays and motors. Electronic applications include magnets for
loudspeakers, telephone ringers and receivers. They are also used
for holding devices for door closers, seals, and latches and in many
toy designs [1-5]. Crystal structure of strontium hexaferrite is
shown in Figure 1[6].

Ceramic magnets consist of chemically combined mixtures of
metallic oxides that produce a dense, homogeneous, crystalline
structure possessing the important property of high resistivity [7].
The raw materials for making ferrite magnets are normally iron
oxide and carbonates of Ba or Sr. The magnetic properties of
ferrites are largely dependent on the processing routes of the
synthesized powders [7]. There have been many studies on the
related subjects. Traditionally, strontium hexaferrite powders are
synthesized by a mixed oxide ceramic method, which involves the
solid-state reaction between SrCO3 and Fe,05 at a high calcination
temperature (~1200 °C) [8]. Besides this, to prepare ultra-fine
SrFe;,049 powder low temperature chemical methods such as
hydrothermal [9-10], salt-melt [11], co-precipitation [12-15], sol-
gel [16] and sonochemical [17] have been also employed. Ceramic
magnets are produced by mixing Fe;05 with BaO, BaCO3 or Sr
compounds followed by calcination at 1000-1200 °C and shaping
and sintering at 1200-1300 °C [18]. In general, better magnetic
properties are obtained when the calcination temperature is in
between 1100-1200 °C [7]. In the result of a study it was determined
that grain growth is low and grain structure is fine in the magnets,
which were sintered in 1200-1250 °C [19]. The samples sintered
at 1250 °C had the highest density achieved [19]. With the other
study of which the effect of ratio of SrO to Fe,03 in strontium
hexaferrite on magnetic properties was investigated, the best
magnetic properties was obtained (with controlled addition of SiO,
and Ca0) by the optimum Fe,04/Sr0 ratio varying from 5.75 to
5.85[20]. Murillo et. al. [21] produced permanent anisotropic
magnets by powder injection moulding under magnetic field in
order to align the magnetic particles. Sintering followed this
procedure and highly magnetic materials were obtained.

In this existing study, strontium hexaferrite ceramic magnets have
been produced by the result of calcination, sintering and
magnetization processes of stoichiometric and non- stoichiometric
mixtures.

2. EXPERIMENTAL STUDIES

In this study, strontium carbonate (Aldrich Chemicals, % 98 SrCQOs),
hematite (~% 99,97 Fe,03) provided from Kale Maden and
amorphous silica (SIGMA-Aldrich Chemicals, ~% 99 Si0,) that has
a particle size between 0.5-10 pm were used as raw materials.
Figure 2 shows the production flow chart of strontium hexaferrite
ceramic magnets. Fe,03/Sr0 molar ratio in the recipe prepared
was determined as 4, 5, 5.5 and 6. 1 wt. % Si0, was added to each
composition in order to prevent grain growth. The samples were
coded as H-4, H-5, H-5.5 and H-6 depending on the Fe;04/Sr0
molar ratios. After mixing in dry medium, raw materials were
milled for 4 hours. Deionised water and Zr balls were used as
milling media. Milled materials were dried in Niive FN 500 drying
oven and then calcinated at 1340 °C in Nabertherm N 20/HR
furnace. Calcination process was performed using alumina crucibles
at temperatures 1000 °C, 1100 °C and 1200 °C. Holding time was
determined 4 hours and heating rate was 5 °C/min. The powder
obtained at the end of the calcinations process was milled for 4
hours in a medium containing Zr balls and deionised water.
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Mevcut calismada ise stokiyometrik ve stokiyometrik olmayan
karisimlarin kalsinasyon, sinterleme ve manyetizasyon islemleri
sonucu stronsiyum hekzaferrit seramik miknatislari tretilmistir.

2. DENEYSEL CALISMA

Deneylerde, stronsiyum karbonat (Aldrich Chemicals, % 98 SrCO5),
Kale Maden'den temin edilen hematit (~% 99,97 Fe203] ve tane
boyutu 0,5-10 _m olan amorf SiO, (SIGMA-Aldrich Chemicals,
~%99 Si0,) hammaddeleri kullanilmistir. Stronsiyum hekzaferrit
seramik miknatislari iretim akim semasi Sekil 2'de goriilmektedir.
Karisimlardaki Fe,04/SrO oranlari 4, 5, 5,5 ve 6 olarak belirlenmis
ve receteler hazirlanmistir. Her bir receteye tane blylimesinin
kontrolii icin agirlik¢a % 1 kadar da SiO, ilave edilmistir. Kullanilan
Fe,05/Sr0 oranlarina gére numunelere H-4, H-5, H-5,5 ve H-6
kodlar verilmistir. Hamnmaddeler kuru olarak karistirildiktan sonra
Zr-bilyeli degirmende saf su ile 4 saat yas 6gutiilmiistiir. Ogitiilen
malzemeler Nive marka FN 500 model etlivde kurutulup
Nabertherm marka N 20/HR model 1340 °C'lik firinda kalsine
edilmistir. Kalsinasyon islemi aliimina krozelerde, 5 °C/dak 1sitma
hiziyla 1000 °C, 1100 °C ve 1200 °C gibi farkl sicakliklara gikilip
bu sicakliklarda 4 saat stireyle yapilmistir. Kalsinasyon islemi
sonrasi elde edilen toz, Zr-bilyeli degirmende saf su ile 4 saat
ogutilmustiir. Ogiitme islemi bitiminde, karisima tozun agirlikca
% 0,3't kadar Poli Etil Glikol (PEG) baglayici katilip, degirmen 15-
20 dakika daha karistirilmistir. Degirmenden alinan malzeme
etiivde kurutulup sonrasinda agat havan yardimiyla tozlastirilmistir.
Bu tozlarin XRD analizleri ile stronsiyum hekzaferrit fazinin varligi
aranmistir. Stronsiyum hekzaferrit tozlarindan 3'er gramlk tartimlar
alinip tek eksenli el presinde 50 kg/cm? basingla presleme
yapilmistir. Her bir bilesimden altisar adet pelet hazirlanmistir.
Nabertherm marka N 20/HR model 1340 °C'lik firinda, preslenen
peletler 4,5 °C/dak hizla 450 °C'ye cikarilip 1 saat bekletilmis ve
100 dakikada sogutularak baglayici uzaklastirilmistir. Baglayici
uzaklastirma isleminden sonra numuneler ayni firinda 5 °C/dak
hizla 1250 °C'ye cikarilip 4 saat siire ile sinterlenmislerdir.
Sinterlenen numunelerin yogunluklari Arsimed yontemi ile
olcllmdustir. Sinterlenen numunelerin yiizey diizglinlikleri
saglandiktan sonra, Newport Pagnell England marka bir manyetizor
yardimiyla 15 A - 30V ile yaklasik 1 Tesla'lk manyetik alan icinde
10 saniye kadar tutulup manyetiklestirilmislerdir. Bu islemden
sonra, kalict manyetik 6zelliklere sahip stronsiyum hekzaferrit
seramik miknatislari elde edilmistir.

3. SONUCLAR VE TARTISMA

Farkli sicakliklarda kalsinasyon islemi yapilmis tozlarin X-isinlari
kirinim analizi alinarak, olusan fazlar incelenmistir. Literattire gore
beklenen temel fazlar SrFe;5049, Fe,04ve SryFe;04,'dir [22, 23].
Yapilan XRD analizleri sonucy, tim receteler icin bitiin kalsinasyon
sicakliklarinda stronsiyum hekzaferrit (SrFe;,044) manyetik fazinin
olustugu belirlenmistir (Sekil 3-6). Bunun yaninda hematit (Fe,05)
ve SroFe 00y, (75r0.5Fe,04) fazlar da tespit edilmistir. Kalsinasyon
sicakliginin artmasiyla, yapidaki istenmeyen ve tepkimeye girmemis
olan hematit (Fe,05) fazina ait pik siddeti degerlerinin azaldigi ve
SrFe; 5049 manyetik fazinin arttigr belirlenmistir. Stokiyometrik
stronsiyum hekzaferrit recetesi (H-6) haric diger tim recetelere
aityapilarda kalsinasyon sicakliginin artmasiyla, SryFe; 0, fazinin
pik siddeti degerinin arttigi gorilmustur. H-4 recetesinde bu fazin
enyiiksek degerde oldugu bulunmustur. Sonuc olarak, SrFe;,019
manyetik fazina ait pik siddeti degerleri kalsinasyon sicakligi ile
artmaktadir. Manyetik fazin icerigi ne kadar fazla ise, son Griinin
manyetik ozellikleri de o kadar iyi olmaktadir.
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Milling process was continued for 15-20 minutes more after adding
0.3 wt. % polyethyleneglychol (PEG) as binder. After drying in drying
oven, the resulting material was grinded in agate mortar. Presence
of strontium hexaferrite in obtained powders was investigated by
XRD analysis. Six strontium hexaferrite pellets for each composition
were prepared by uniaxial pressing at 50 kg/cm?. After debinding
process, samples were sintered at 1250 °C for 4 hours. Heating rate
was 5 °C/min. The bulk densities of the sintered and then parallel
polished specimens were measured by using Archimedes method.
Holding in a magnetic field magnetized the sintered samples with
smoothed surfaces with approximately 1 Tesla for 10 seconds. The
current and the voltage were 15 Aand 30V, respectively. Newport
Pagnell England magnetizer was used for this application. Strontium
hexaferrite permanent ceramic magnets were obtained as a result
of this procedure.
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3. RESULTS AND DISCUSSIONS

The phases, which were determined by the X-ray diffraction analysis
of calcined powder in different temperatures, have been examined.
According to the literature expected basic phases are Srfe;,04o,
Fe,03and SryFe;q0,, [22, 23]. As a result of XRD analysis, strontium
hexaferrite (SrFe;,04¢) magnetic phase has been determined for
all recipes at the calcination temperatures (Figure 3-6). Hematite
(Fe,05) and SroFe g0y, (7Sr0.5Fe,04) phases were also observed.
As the calcination temperature increased, it has been determined
that value of peak intensity of undesired and unreacted hematite
phase (Fe,0,) decreased and SrFe,0;9 magnetic phase increased.
Except the recipe of sthociometric strontium hexaferrite (H-6) with
the increase of calcination temperature in the structures of all
other recipes, peak intensity of SrFe40,, magnetic phase seemed
to be increased. In the H-4 recipe this phase has been found in the
maximum value. As a result, the peak intensity values of SrFe;,0¢9
magnetic phase increase with increasing calcination temperature.
The higher amount of magnetic phase the material contains, the
better is the magnetic properties of the final product.
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Sekil 3: H-4 tozunun farkl kalsinasyon sicakliklarindaki XRD analizi sonuglari
(+: SrFeq,04,  : Hematit (Fe,03), © : SryFe;g05,).

Figure 3: XRD analysis results of H-4 powder at different calcination temperatures.
(+:SrFe5049, ® : Hematit (Fe,04), @ : Sr7Feqq0,,).
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Sekil 4: H-5 tozunun farkl kalsinasyon sicakliklarindaki XRD analizi sonuglari
(+: SrFe;9049, ® : Hematit (Fe,03), ® : SryFeq005,).

figure 4: XRD analysis results of H-5 powder at different calcination temperatures.
(+:SrFe;,049, ® : Hematit (Fe,03), ® : SrFe;q0yy).

Cizelge 1'de stokiyometrik olmayan (Sr0.4Fe,05, SrO.5Fe,0;,
Sr0.5,5Fe,05] ve stokiyometrik (Sr0.6Fe,05) miknatislarinin
yogunluklari ve manyetik 6zellikleri gortilmektedir. GUnimduz ferrit
teknolojisinde hemen hemen 4,9 g/cm3 yogunluk elde edilmektedir.
Bu calisma sonucu, ortalama 4,4 g/cm3 yogunluga ulasilmistir.
Yiksek manyetizasyon ve kalici manyetizasyon degerleri elde
etmek icin malzeme miimkdin oldugu kadar yogun olmalidir [7].
Lineer output hall effect sensérii (3501) yardimiyla, tretilen
miknatislarin N ve S kutuplarindaki ylizey voltaj farkindan
hesaplanan tahmini kalict manyetizasyon degerlerine ( Br) gore
en fazla kalici manyetizasyona sahip numunelerin H-5.111 (641,43
G ve H-5,5.111(651,43G) oldugu bulunmustur. Ayrica, genel olarak
kalsinasyon sicakliginin artmasiyla, kalici manyetiklik degeri de
artmistir. Yani, en iyi manyetizasyon gosteren numuneler
kalsinasyon sicakligi 1200 °C olan numunelerdir.

4. GENEL SONUCLAR VE ONERILER

Stronsiyum hekzaferrit seramik miknatislarinin tiretimi basariyla
gerceklestirilmis ve elde edilen bulgulara gore su sonuclara
varilmistir :

1- Kalsinasyon sicakliginin artmasiyla, yapidaki manyetik fazin
arttigi ve bu artisin son uriindeki manyetik ozellikleri etkiledigi
gorulmustur. En iyi sonuglar 1200 °C kalsinasyon sicakliginda elde
edilmistir. Kalsinasyon sicakligi ve buna bagli olarak manyetik
fazin miktari son Urtin olan miknatisin manyetik ozelliklerini
etkilemektedir.
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InTable 1, densities and magnetic properties of non-stoichiometric
(Sr0.4Fe,05, Sr0.5Fe,04, Sr0.5,5Fe,04) and stoichiometric
[SrO.éFe§O3] magnets can be seen. Obtained densities are nearly
4,9 g/cm?3 in today’s ferrite manufacturing technology. As a
conclusion of this study, approximately 4,4 g/cm?3 density has been
reached. To get high magnetization and permanent magnetization
values, material should be as denser as it is possible [7]. Approximate
permanent magnetization values are calculated from the difference
between surface voltages of N and S poles using linear output Hall
effect sensor (3501). According to these calculations, the highest
magnetization values are found to belong to the samples H-5.1lI
(641,43 G) and H-5.5.111 (651,43G). Furthermore, with the increase
of calcination temperature generally, the value of permanent
magnetization has been increased. Namely, the samples showing
the best magnetization are the samples having calcination
temperature 1200 °C.

4. CONCLUSIONS AND SUGGESTIONS

The production of strontium hexaferrite has been done successfully
and we have the following conclusions:

1. By increasing the calcination temperature, it has been seen that
magnetic phase in the structure was increased and this increase
influenced the magnetic properties of the final product. The best
results were obtained at the 1200 oC calcinations temperature.

Calcination temperature and the amount of magnetic phase depend
on this effects the magnetic properties of the last product, magnet.
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Sekil 5: H-5,5 tozunun farkli kalsinasyon sicakliklarindaki XRD analizi sonuglari
(+: SrFe 5019, ® : Hematit (Fe,03), © : SryFe;g0ys).

Figure 5: XRD analysis results of H-5,5 powder at different calcination temperatures.
(+:SrFe 9049, ® : Hematit (Fe,0s), ® : SroFe05).
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Sekil 6: H-6 tozunun farkli kalsinasyon sicakliklarindaki XRD analizi sonuglari
(+: SrFe;904, ® : Hematit (Fe,05), ® : SryFe;g05,).

Figure 6: XRD analysis results of H-6 powder at different calcination temperatures.
(+:SrFe 049, © : Hematit (Fe,04), © : SroFe 0.
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Numune | Kalsinasyon sicaklgi (°C) Sinterleme sicakligi (°C) | Yiginsal (bulk) yogunluk (gr/cm3) | Relatif Br (mV) | Kalicit manyetizasyon (G : gauss)
Sample Calcination temperature (°C) | Sintering temperature (°C) | Bulk density (gr/cm3) Relative Br (mV) | Permanent magnetization
590

H-4 (1) 1000 1250 4,66 4,13

H-5 (1) 1000 1250 4,13 & 538,57
H-5,5 (1) 1000 1250 4,22 3,68 525,71
H-6 (1) 1000 1250 4,36 3,52 478,57
H-4 (1l 1100 1250 4,77 4,29 612,86
H-5 (1) 1100 1250 4,28 4,00 571,43
H-5,5 (1) 1100 1250 4,33 3,79 541,43
H-6(11) 1100 1250 4,50 3,65 512,86
H-4(111) 1200 1250 4,93 3,78 540
H-5(111) 1200 1250 4,81 4,49 641,43
H-5,5 (lI1) 1200 1250 4,71 4,56 651,43
H-6 (111} 1200 1250 4,80 414 591,43

Cizelge 1: Uretilen stronsiyum hekzaferrit seramik miknatislarinin bazi 6zellikleri
Table 1: Some properties of produced strontium hexaferrite ceramic magnets.

2- Numunelerde istenilen yogunluga tam olarak ulasilamamistir.
Daha yliksek sicakliklarda sinterleme ile veya soguk izostatik

presleme (CIP) ile daha yiiksek yogunluklara ulasilabilir.

2. Actually it wasn't reached to the desired densities in the samples.
Higher densities can be reached with the sintering in high
temperatures or with the cold isostatic pressing (CIP).

3- Manyetik 6zellik testi sonucu en iyi kalici manyetizasyonu, 1200
°C’de kalsine edilmis H-5 (Ill) ve H-5,5 (Ill) numuneleri gostermistir.
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Farkl tur feldispat
llavelerinin yer karosu
bunyesine etkilerinin
Incelenmesi

Theinvestigation for the effects
of different feldsparadditions
on floor tile body

OZET

Feldispatlar, genellikle seramik, porselen ve cam tretim
endustrisinde ve diger Uretim kollarinda, ornegin asindiricilar,
sabunlar, camlar ve emayelerde hammadde olarak
kullanilmaktadir. Sinirli kaynaklara sahip dogal hammaddelerin
tam olarak ne kadar uzun sure ihtiyaclar karsilayacagi
bilinmemektedir. ingiltere ve bazi Avrupa iilkelerinde feldispat
yerine “cornish stone” adi verilen kismen kaolonize olmus potasyum
feldispat iceren malzemeler kullanilmaktadir. Boylesi calismalar,
diinyada rezervi gittikce azalan hammaddeler yerine alternatif
olanlarinin kullanilmasi yoniinde hizlanmaktadir. Bu calismada,
degisik oranlarda farkl tir feldispatlarin yer karosu biinyesine ve
Uretilen son urine etkilerinin incelenmesi amaclanmistir. Buamac
dogrultusunda, pegmatit, nefelin siyenit ve sodyum feldispat ayri
ayri agirlikca % 20, 25 ve 30 oranlarinda secilmis receteye ilave
edilip toplu kiictilme, su emme, kuru, pisme mukavemetleri ve
DTA analizleri yapilmistir. Son olarak her bir ilaveye ait numuneye
Harkort ve otoklav testleri uygulanmistir.

Anahtar Kelimeler: Feldispat, pegmatit, nefelin siyenit, sodyum
feldispat, pisme mukavemeti.

1. GIRIS

Yapilarin ic ve dis yuzeylerinin kaplanmasi icin seramik
hammaddelerden uretilen gesitli 6zellik ve boyutlardaki triinlere
karo seramik adi verilmektedir. Karo seramik enddstrisinin onemli
trtnleri: Fayans, duvar karosu, yer karosu, mozaiktir [1, 2]. Bu tiir
urlnlere ait 6zellikler Cizelge 1" de verilmistir.

Yer karosu uretiminde, genel olarak; kil, feldispat, kuvars, albit, az
miktarda biskuvi kirigi ve viskozite ayarlayici olarak Na-silikat
kullanilir.

Yerylizlinu olusturan minerallerin en dnemlilerinden biri olan
feldispatlar, bir mineral gurubu olarak yerkabugunun yaklasik %
60" ini olusturmakta ve ¢ogu Ulkelerdeki magmatik, metamorfik
ve sedimanter yataklarda bulunmaktadir. Feldispatlar genelde
susuz aliminyum silikatlar olarak tanimlanirlar. Feldispatlar ¢
temel gurupta incelenirler [3, 4]:
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ABSTRACT

Feldspar has been used as a raw material for ceramic industries
and other fabrication units. Itis also used as a raw material in
soaps, glasses and enamels. It is not known exactly how long the
natural raw materials that have limited sources are going to meet
the demands. In England and some European countries, instead
of feldspar, partially kaolinized, potassium feldspar containing
Cornish Stone have been used. In place of raw materials whose
reserves are decreasing day by day in the world, as mentioned
above, some studies concerning this manner are growing. In this
study, the investigation on the effects for the additions of different
amounts and types of feldspars in green and final body was aimed.
For this purpose, 20, 25 and 30 wt % pegmatite, syenite, and
sodium feldspar were added to chosen recipes and total shrinkage,
water absorption, dry and fired strength measurements and DTA
analysis were conducted. Finally, Harcourt and autoclave tests
were applied to chosen samples.

Key Words: Feldspar, Pegmatite, Syenite, Sodium feldspar, Fired
strength

1. INTRODUCTION

Materials, produced from ceramic raw materials with different
properties and sizes used to cover inside and outside of buildings,
are called as tile ceramics. The important products belonging to
tile ceramic industry are faince, wall tile, floor tile and mosaic
[1-2]. The properties of these materials are listed in Table 1.

For the floor tile production, generally: clay, feldspar, quartz, albite,
biscuit fragment (in small amounts) and Na-silicate for alignment
of of viscosity are used as raw materials.

Feldspars, which are the most important minerals forming the
crust of the earth as 60 % are found in magmatic, metamorphic
and sedimentary beds. Feldspars are generally described as non-
aqueous aluminum silicates. They are usually classified in three
main groups [3-4];
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Biinye Cinsi Porselen Pekismis Cini EVEL
Body Type Porcelain Strengthened Cini Fainca

Biinye Rengi Beyaz
Body Color White
Su Emme (%) 0-1
Water Absorption 0-1
Pisme Sicakligi (Co) 1250
Sintering Temperature 1250

Yiizey Ozelligi
Surface Properties

Sirliveya sirsiz
Glazed or Un-Glazed

Biinye Ozellikleri

Body Properties Dense, hard, half transparent, give metallic sound damped.
Uriinler Dis cephe seramigi,yer karosu, mozaik ,fayans
Products Out door ceramics, floor tile, faince

Cizelge 1. Karo seramik cesitleri ve bazi 6zellikleri [1]
Table 1. Types of tile ceramic and some properties [1]

Ortoklaz (KAISisO)
Albit (NaAISi;Og)
Anortit (CaASi,Og)

Seramik Uretim sektoriinde feldispatlar killerden sonra kullanilan
en onemli hammaddedir. Ergitici isleve sahiptirler. Seramik
biinyelerin pisme sicaklik araliklari 1100-1300 © C arasinda degisir.
Feldispatlar farkli seramik biinyelerinde degisik oranlarda kullanilir.
Ornegin, yumusak porselenlerde feldispat recete bilesiminin %
25 - 40" in1, sofra esyasinda % 18 - 30" unu, elektro porselende %
20 - 28 ve teknik porselenlerde % 17 - 30 unu olustururlar [5].

Feldispatin silika icerigi, ergiticilik ozelligine etki eder. Aynizamanda,
alkali icerikleri de ergiticilik Uzerinde etkindir. Alkaliler sayesinde
pisme sicakligi dusurdlir. Genel olarak seramik sektortinde K-
feldspat kullanimi belirtilen amaclara uygundur. K- feldispatin
avantajl, yuksek viskoziteye sahip bir eriyik olusturmasi ve sonucta
pisme sirasinda, seramigin deformasyonuna karsi dayanim temin
etmesidir. Bu calismada, K-feldispatin sagladigi 6zelliklere benzer
ozellikler elde etmek amaciyla, yer karosu biinyesine pegmatit,
nefelin siyenit ve sodyum feldispat ilave edilerek etkileri
arastirilmistir.

Pegmatitler, potasyum feldispatin hakim mineral olarak bulundugu
ve ayrica baska ekonomik mineraller de icerebilen, kaba taneli
Magmatik bir kayactir. Genellikle granit — granodiyorit bilesimli
kayaclarla iliskili olarak bulunur.

Pegmatitler, genellikle ucucu maddeler ile zenginlesmis artik
magmadan, magmatik etkinligin son doneminde katilasmis olarak
ayrilmislar ve yiksek basincli ortamda genis bir sicaklik araliginda
(400 - 700 °C) olusmuslardir [6, 7].

Nefelin siyenit bir mineral degil, magmatik bir kayactir. Silisce bir
fakir kristalin kayac olup albit ve mikrolin tirt feldispat ile nefelin
olusturur. Nefelin siyenit ayrica yiiksek oranda alkali ve alimina
icerir. Serbest silis icermemesi, yliksek alkali ve alimina icerigi
ile yliksek ergime gticti ve dar ergime araligi ile cam ve seramik
endustrisi ile uyum gosteren bir karakteristige sahiptir. Bu
hammaddenin kimyasal bilesimi NasKal,Si,;04," dir. Sodyum
feldispat (albit), plajioklaz gurubunun kalsiyum icermeyen tyesi
olup, formilti NaAlSi5Og’ dir [1].

2. DENEYSEL CALISMA

2.1. Biinye Hazirlama

Kullanilan hammaddelerin kimyasal analiz sonuclari Cizelge 2" de
verilmektedir. Cizelge 3-5 pegmatit, nefelin siyenit ve sodyum
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Yogun, sert, yari seffaf, vuruldugunda metalik ses verir.

Beyaz veya renkli Beyaz veya renkli

White or Colored White or Colored
1-10 10-22

1-10 10-22
1200-1300 1000-1200
1200-1300 1000-1200
Sirliveya sirsiz Sirl

Glazed or Un-Glazed Glazed

Sert, opak, gozenek fazla degil.
Hard, opaque, not much pore

Yumusak, opak, gozenekli
Soft, opaque, porous

Dis cephe seramigi, yer karosu, fayans Fayans
Out door ceramics, floor tile, faince Faince

- Orthoclase (KA(Si;Og)
- Albite (NaAISi;Og)
- Anortite (CaA(Si,Og

In ceramic production sector, feldspars are the most important
raw materials after clays. Feldspars are used as fluxing agents in
ceramic bodies. The firing temperature intervals of ceramic bodies
are changing between 1100-1300 © C. Feldspars are used at
different amounts in different ceramic bodies; for example, in soft
porcelain, 25-40 wt %, in table ware, 18-30wt %, in electro porcelain,
20-28 wt % and in technique porcelain, 17-30 wt % [5].

As well as the content of silica in feldspar, overall alkaline contents
are effective on melting properties. The alkaline content usually
decreases the sintering temperature. Generally, K-feldsparis
used to form high viscosity liquid and as a result of this, liquid
phase is giving strength to body against deformation due to high
degree of densification. In this study, for the purpose of obtaining
the same properties as those provided by K-feldspar, pegmatite,
syenite and sodium feldspar were added to floor tile body recipes
and the resulting effects were investigated.

Pegmatites are found with potassium feldispar dominant coarse
grained magmatic rocks and formed with volatile materials, at
high-pressure environment and temperatures between 400-700
°C[6-7.

Syenite is not a mineral, it is a magmatic rock. It is poor in the
mean of silica content and formed with albite and microline type
feldspar. Syenite is also containing high amounts of alkalis and
alumina; with this it has high melting power and narrow melting
intervals. Thanks to these properties, it is used in glass and ceramic
industry. The chemical formula of this raw material is NasKal,Si; 044
Sodium feldspar is the member of plagioclase group, without
containing calcium . Its chemical formula is NaAlSi;Og(1).

2. EXPERIMENTAL STUDY
2.1. Body Preparation

The chemical analysis of used raw materials is given in Table 2.
Tables 3- 5 are giving recipe compositions in which pegmatite,
syenite and sodium feldspar are changing as variables. The raw
materials were prepared according to recipes and milled by using
three set mill with 500 g capacity of ceramic ball mills. Milling
was performed for 30 min in aqueous media. Milled samples were



Oksit Nefelin | Sodyum
Bilesimi (%) | KumluKil | Plastik Kil Pegmatit Siyenit Feldispat
Oxide Sandy Clay | Plastic Clay | Pegmatite Sveni Sodium
" yenite
composition Feldspar
Si02 58.9 60 7 62 69
Al203 20 19.5 15 23 18.62
Fe203 6.5 85 2 0.06 0.13
Tio2 1 15 0.5 0.08 0.4
Ca0 2 15 1 0.7 0.6
Mg0 0.8 1 0.5 = 0.4
Na20 0.4 0.4 3.2 10.2 10
K20 2 1.55 4.5 3.9 0.4
CaCo3 0.5 0.05 - - -
*AK/ILL 7.9 6 23 0.06 0.45

AK.: Ateste Kayip - |.L_ : Ignition losses

Cizelge 2. Kullanilan hammaddelerin kimyasal analizleri
Table 2. Chemical analysis of used raw materials

feldispat miktarinin degisken oldugu recete bilesimlerini
gostermektedir. Hammaddeler, receteye gore hazirlanmis, t¢
setli degirmen kullanilarak, 500 g kuru kapasiteli degirmende 500
g seramik bilye kullanilarak 30 dk yas 6gtitiilmiistir. Ogitiilen
numuneler 90 mikronluk titresimli elekten gecirilmis ve litre
agirliklari ve elek bakiyeleri kontrol edilmistir. Kurutulan camur
ceneli kiricr ile kiritmistir. Nemlendirilen tozlar 153 kg/cm2 basinc
uygulanarak 10x20 cm boyutlarinda sekillendirilmistir. Kurutulan
numuneler 1130 °C’ de dogalgaz ile calisan enduistriyel Sacmi
marka rulo tipi tek pisirim firinlarinda pisirilmistir. Numunelerin
bir tanesi secilerek isletmede kullanilan seffaf sirile siralanmistir.

Hammaddeler / Raw Materials Agirlikca % (wit%)

Sogiit Kumlu Kili / Sogt Sandy Clay 85 35 30
Sbgiit Plastik Kili / Sagiit Plastic Clay 25 20 20
Sodyum Feldispat / Sodium Feldspar 20 25 30
Ham Atik / Raw Waste 10 10 10
Pismis Atik / Fired Waste 10 10 10
Toplam / Total 100 100 100

Cizelge 5. Sodyum feldispat miktarinin degisken oldugu karisimlarin recete bilesimleri
Table 5. The compositions of mixtures with changing albite content
2.2. Standart Testler ve Karakterizasyon
Toplu kiictilmenin ytizde orani malzeme pisirildikten sonra boyutta
gerceklesen kicllme oranini icermektedir. Toplu kicllme ylzde

orani asagidaki formiil kullanilarak hesaplanmustir.

(Plastik uzunluk - Pismis uzunluk) x 100

% Toplu Kiiciilme =
o 10p ¢ Plastik uzunluk

Pisirilmis ve ortamda rutubet olmayacak sekilde sogutulmus
drdndn tartimi yapilmistir. Tartimi yapilan numuneler 4 saat suda
kaynatilmis ve 24 saat siireyle su icinde bekletilmistir. Sudan cikan
numunelerin ylzeyleri kurutularak tartilari alinmis ve asagidaki
formul kullanilarak % su emme degerleri elde edilmistir.

(Yas pismis agirlik - Kuru pismis agirlik) x 100

% Su emme =
0 Kuru pismis agirlik
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screened by using 90 pm vibrating system and liter weights and
screen remainder were controlled. Moisturised powders were
shaped by applying 153 kg/ cmZin 10x20 cm dimensions. Dried
samples were fired at 1130 °C by using industrial Sacmi type single
firing roller furnace working with natural gas. One of the samples
was chosen and glazed by using the enterprise glaze.

Hammaddeler / Raw Materials

Agirlikca % (wit%)

Sogit Kumlu Kili / Sogit Sandy Clay 35 35 30
Sogiit Plastik Kili / Sogit Plastic Clay 25 20 20
Pegmatit / Pegmatite 20 25 30
Ham Atik / Raw Waste 10 10 10
Pismis Atik / Fired Waste 10 10 10
Toplam / Total 100 100 100

Cizelge 3. Pegmatit miktarinin degisken oldugu karisimlarin recete bilesimleri
Table 3. The compositions of mixtures with changing pegmatite content

Hammaddeler / Raw Materials Agirtikca % (Wt%)

Sogiit Kumlu Kili / Sogt Sandy Clay 35 35 30
Siiqit Plastik Kili / Sogiit Plastic Clay 25 20 20
Nefelin Siyenit / Syenite 20 25 30
Ham Atik / Raw Waste 10 10 10
Pismis Atik / Fired Waste 10 10 10
Toplam / Total 100 100 100

Cizelge 4. Nefelin siyenit miktarinin degisken oldugu karisimlarin recete bilesimleri
Table 4. The compositions of mixtures with changing syenite content

2.2. Standard Tests and Characterization

The percent ratio of total shrinkage is the decrease in dimension
after firing. The percent shrinkage was calculated by using a
formula given below;

(Plastic length - Sin tered length] x 100

1 o/ —
Total Shrinkage % = Plastic length

Numune 1 Numune 2 Numune 3
Testler / Tests Sample 1 Sample 2 Sample 3
Otoklav/Autoclave  Olumlu/Positive  Olumlu/Positive ~ Olumlu/ Positive

Harkort/Harcourt ~ Olumlu/Positive ~ Olumlu/Positive ~ Olumlu / Positive

Cizelge 6. Pegmatit miktarinin degisken oldugu karisimlarin Harkort
ve otoklav sonuglari
Table 6. Harcourt and autoclave test results of mixtures with pegmatite

The mass of fired sample was weighed in moisture-isolated
environment. Weighed sample was boiled in water and kept in
water 24 hours. Sample taken from water, was dried and weighed.
By using the formula given below, water absorption percentages
were calculated;

(Wet fired weight - Dry fired weight) x 100

1 0o/ —
Water Absorption % Dry fired weight

Water absorption can be described as the amount of absorbed
water into open porosities. There are many factors affecting water
absorption; clay characteristics, impurities, pressing pressure,
shaping moisture and firing temperature [6]. For measuring dry
and fired strengths, three- point bending test was applied. Strengths
were calculated by using following formula:
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Su emme, pisen Uriniin acik gozeneklerine alabilecegi su olarak
tanimlandigindan su emmeyi etkileyen bircok faktor vardir. Bunlar;
kilin karakteri, safsizliklar, presleme basinci, sekillendirme rutubeti
ve Urliniin pisme sicakligidir [6].

Ham [yas) mukavemet, kuru mukavemet ve pisme mukavemetini
olemek icin karo numunelere 3 noktali egme testi uygulanmistir.
Mukavemet degerleri asagidaki formdil kullanilarak hesaplanmistir.

G : Mukavemet (kg/cm?)

3PXL P: Yiik (kg)
6= ——— L: Mesnet araligi (cm)
2a2xb a: Kalinlik (cm)
b: Genislik (cm)

DTA analizi Linseis Thermawaage L81 marka cihaz kullanilarak,
5 °C/dk isitma hiziile 1000 °C’ ye kadar yapilmistir. Harkort testi
butlin bir karonun 15°C ile 145 °C arasinda 10 defa ¢cevrim

yapilip, isil soka dayanim 6zelligi belirlenmistir. Otoklav testinde,
karolar otoklava yerlestirilmis 2 saat stire ile 16 °C" de 500 KPa

Numune 1 Numune 2 Numune 3
Testler / Tests Sample 1 Sample 2 Sample 3

Otoklav/Autoclave  Olumlu/Positive ~ Olumlu/Positive ~ Olumlu / Positive

Harkort/Harcourt  Olumlu/Positive ~ Olumlu/ Positive ~ Olumlu / Positive

Cizelge 8. Sodyum feldispat miktarinin degisken oldugu karisimlarin harkort
ve otoklav sonuglari
Table 8. Harcourt and autoclave test results of mixtures with albite

3. SONUCLAR VE iIRDELEME

Killer kurutulduklarinda, sekillendirme suyunun kilden uzaklasmasi
sonucu kiculme sergilerler. Kil taneleri arasinda yer alan su kilden
uzaklastikca taneler birbirine yaklasir ve kiictilme ortaya cikar.
Kurutulan bir masse sekillendirme suyunu tamamen kaybedinceye
kadar kiculdr. Boyutlardaki kiicilme kil pisirildiginde de devam
eder. Bu kez kiictilmenin nedeni, yapisindaki organik maddelerin
yanmasi, gazlarin uzaklasmasi, kristal suyun ayrilmasi ve karmasik
kristal ve faz degisimleri ile olusan yeniden yapilanmadir. Bir
baska deyisle, yapidaki ergitici feldispat ve mevcut safsizliklarin
ergiyerek diger yuksek sicaklikta ergiyen tanecikleri kusatmasiile
yogun bir yapi haline donismesi gerceklesir. Bu olaya karonun
pismesi veya sinterlenmesi adi verilir ve bundan dolay seramik
malzeme pistiginde kiigtilme gosterir [7-9]. Sekil 1-3 agirlikca %
20, 25 ve 30 oranlarinda pegmatit, nefelin siyenit ve sodyum feldispat
ilavesi ile olusan % toplu kiiclilme degerlerini gostermektedir.
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Sekil 2: Degisen oranlardaki nefelin siyenitin toplu kiiclilmeye etkisi
Figure 2. The syenite effect on total shrinkage.
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G : Strength (kg/cm?)

3PXL P: Mass or pressure (kg)
6= ——— L: The distance between bars (cm)
2aZxb a: Thickness (cm)
b: Width (cm)

Numune 1 Numune 2 Numune 3
Testler / Tests Sample 1 Sample 2 Sample 3

Otoklav/Autoclave  Olumlu/Positive ~ Olumlu/ Positive ~ Olumlu / Positive

Harkort/Harcourt ~ Olumlu/Positive ~ Olumlu/Positive ~ Olumlu / Positive

Cizelge 7. Nefelin siyenit miktarinin degisken oldugu karisimlarin harkort
ve otoklav sonuglari
Table 7. Harcourt and autoclave test results of mixtures with syenite

DTA analysis was performed by using Linseis Thermawaage L81
type instrument. In this measurement, maximum temperature
was kept as 1000 °C with a heating rate of 5 °C/min. Harcourt test
was applied with 10 cycles between temperatures 15 °C and 145
°C. By doing, thermal shock resistance was measured. In autoclave
test, tiles were placed in autoclave and cracking behaviour of glazed
samples was measured during 2 hours holding at 16°C under
pressure of 500 KPa.

3. RESULTS AND DISCUSSION

The reason why clays are showing shrinkage when they are dried
is due to the evaporation of shaping water. As water evaporates
between clay grains, grains come closer and shrinkage takes
place. Dried masse continues to shrink until all shaping water
evaporates. During firing, shrinkage still continues. At this time,
the reasons for such an attitude are firing organics, gas
evaporations, the evaporation of crystal water and with complex
crystal and phase changes due to reconstruction. With another
saying, feldspar and other liquid forming impurities melt and
surround the refractory materials, by doing this, again shrinkage
was observed. This phenomenon is named as firing or sintering
of tile body. During this, tile is showing shrinkage [7-8]. Figs. 1-3
indicate percentage of total shrinkages when 20, 25 and 30 wt %
pegmatite, syenite and sodium feldspar added to starting recipes.
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Sekil 1: Degisen oranlardaki pegmatitin toplu kii¢tilmeye etkisi.
Figure 1. The pegmatite effect on total shrinkage.

The maximum total shrinkage was observed in the case of syenite
addition, since it has the highest alkali content. When the added
amount of three different materials increased, the total shrinkage
was observed to increase. In the presence of alkalis, the amount
of formed liquid phase is high and evaporative characters materials
can evaporate easily. At the same time sintering can take place
very easily due to the materials easily dissolving and forming liquid
phase.
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Sekil 3: Degisen oranlardaki sodyum feldispatin toplu kiiclilmeye etkisi.
Figure 3. The sodium feldspar effect on total shrinkage

En yliksek toplu kiigtilme degeri nefelin siyenitte gozlenmektedir.
Her bir ilavenin oranlari arttik¢a % toplu kiictilme artmaktadir.
Bunun yaninda sodyum feldispat ilavesi ile toplu kiiclilmede fazla
bir artis gozlenmemektedir. Nefelin siyenitte alkali oksit orani
oldukca yiksektir. Bunu sodyum feldispat ve pegmatittir
izlemektedir. Bu oranlara gore % toplu kiicilme en ¢ok alkali
iceren nefelin siyenitte daha sonra sodyum feldispatta ve en az
pegmatitte gozlenmektedir. Alkalilerin fazla olmasi durumunda
sivi faz olusumu artmakta ve sivi faz icerisinden ugucu karaktere
sahip maddeler daha kolay uzaklasabilmektedir. Ayni zamanda,
camsi faz icerisinde ¢ozlinebilen maddeler ve sivifaz ile sinterleme
kicllme miktari daha yiiksektir. Bu durumda olusan camsi fazin
viskozite davranisi ucucu maddelerin uzaklasmasinda ve
yogunlasma lizerinde etkindir.
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High level of alkali containing samples were showed very high
total shrinkage %. At the same time the viscosity of glassy phase
is effective in evaporation of materials and densification.
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Sekil 4: Degisen oranlardaki pegmatitin su emme 6zelligine etkisi.
Figure 4. The pegmatite effect on water absorption.

Figs. 4-6 are showing percentage of water absorption for pegmatite,
syenite and sodium feldspar containing bodies. From water
absorption graphs, with their incoorporation water absorptions
were observed to decrease.
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Sekil 5: Degisen oranlardaki nefelin siyenitin su emme 6zelligine etkisi.
Figure 5. The syenite effect on water absorption.

Sekil 4-6 farkli oranlarda pegmatit, nefelin siyenit ve sodyum
feldispat ilavelerinde su emme degisimlerinin yiizde oranlarini
gostermektedir. Suemme grafiklerinden farkli oranlarda pegmatit,
nefelin siyenit ve sodyum feldispat ilavelerinde, ilave edilen malzeme
miktari arttikca su emme degeri dismektedir. En diisiik su emme
degeri nefelin siyenitte gozlenmektedir. Nefelin siyenit ilave edilmis
numunelerin suemme miktarlarinin disiik olmasinin agik porozite
oraninin distik olmasindan kaynaklandigi diistiniilmektedir. Bu
durumda s6z konusu numunelerin daha iyi sinterlendigi ifade
edilebilir. Yer karosu standart su emme degerinin % 3 ve alti oldugu
bilinmektedir. Burada, nefelin siyenitin agirlikca % 30 ilavesinde
elde edilen suemme degerinin ~ % 2,7 oldugu gorilmektedir.
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Sekil 6: Degisen oranlardaki sodyum feldispatin su emme 6zelligine etkisi
Figure 6. The sodium feldspar effect on water absorption.
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Sekil 7: Degisen miktarlardaki pegmatitin (a) kuru ve (b) pisme mukavemetine etkisi.
Figure 7. The effect of pegmatite on (a) dry and (b) firing strength.
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Sekil 8: Degisen miktarlardaki nefelin siyenitin (alkuru ve (b)pisme mukavemete etkisi.
Figure 8. The effect of syenite on (a) dry and (b) firing strength

Sekil 7-9 pegmatit, nefelin siyenit ve sodyum feldispat ilavesinde
kuru ve pisme mukavemetleri degerlerini gostermektedir. Her ¢
farkl ilavede agirlik¢a ylizde oranlari arttiginda kuru mukavemet
azalmaktadir. En dislik kuru mukavemet degeri nefelin siyenit
ilaveli numunede gozlenmektedir. Nefelin siyenitten sonra en
distik kuru mukavemet sodyum feldispat ilaveli numunede
gozlenmistir. En yiiksek kuru mukavemet degeri ise pegmatit
ilaveli numunede gozlenmistir. Burada, biinyedeki SiO, miktari ile
kuru mukavemetin ters orantili oldugu ifade edilebilir.

Yapilan ilavelerin miktari arttik¢a pisme mukavemetleri artmaktadir.
Enylksek pisme mukavemet degeri nefelin siyenit ilaveli numunede
gozlenmektedir. En dusuk deger ise sodyum feldispat ilaveli
numunede gozlenmektedir. Nefelin siyenitte pisme mukavemetinin
yuksek olusunun sivi faz sayesinde yogunlasmanin daha fazla
olmasindan kaynaklandigi distinilmektedir.
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Sekil 10: Agirlikca % 25 pegmatit ilaveli numunenin DTA egrisi.
Figure 10. DTA curve of 25wt % pegmatite added sample.

Sekil 10 agirlikca % 25 pegmatit ilaveli numunenin DTA egrisini
gostermektedir. Burada 100 °C’ de fiziksel su , 300 °C’ de kristal
suyu uzaklasmaktadir ve 570 °C" de kuvars doniisimii
gozlenmektedir. Sekil 11 agirlikca % 25 nefelin siyenit ilaveli
numunenin DTA egrisini gostermektedir.
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The lowest absorption was observed for syenite containing ones.
It is thought that this happens because of low level of open porosity
in structure.In this case, we can say that this material was well
sintered. The standard value of water absorption is known as 3 %
and below. At 30-wt % syenite addition, water absorption value
was found ~2.7 %. This value is appropriate for standard.

Figs. 7-9 are exhibiting the dry strength and fired strengths of
pegmatite, syenite and sodium feldspar added bodies. With each
different addition, dry strength was observed to decrease. The
lowest dry strength was found in syenite added bodies. After
syenite, sodium feldspar showed lowest value. The highest dry
strength value was observed for pegmatite added samples. It can
be said here; dry strength has transverse relationship with increasing
Si0; content.
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Sekil 9: Degisen miktarlardaki sodyum feldispat (a) kuru ve (b) pisme mukavemete etkisi.
Figure 9. The effect of sodium feldspar on (a) dry and (b) firing strength

The highest fired strength value was observed with syenite input.
However, the lowest value was observed in the case of sodium
feldspar incoorporation. High amount of alkali in syenite helps and
makes easy densification and firing.
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Sekil 11: Agirlikca % 25 nefelin siyenit ilaveli numunenin DTA egrisi
Figure 11. DTA curve of 25 wt % syenite added sample.
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Sekil 12: Agirlikca % 25 sodyum feldispat ilaveli numunenin DTA egrisi
Figure 12. DTA curve of 25 wt % sodyum feldispat added sample

Bu egride de pegmatitte gozlenen davranislarin benzeri
gozlenmektedir. Sekil 12 agirlikca % 25 sodyum feldispat ilaveli
numunenin DTA egrisini gostermektedir. Burada da diger ikisinde
olusan benzer davranislar gozlenmektedir.

Cizelge 6-8 pegmatit, nefelin siyenit ve sodyum feldispat ilavelerinde
Harkort ve otoklav deneyi sonuclari verilmektedir. Bu deneyler
sonucunda her bir ilave i¢cin olumlu sonu¢ gozlenmistir.

4. GENEL SONUCLAR

Kullanilan her bir malzemenin standart yer karosu ozellikleri icin
sagladigi avantajlar ve dezavantajlar mevcuttur. Pegmatit ve sodyum
feldispat standartlara uygun toplu kiicilme ve kuru mukavemet
ozelligi saglamislardir. Nefelin siyenit standartlara uygun su emme
degeri saglarken (~ % 2.7), pegmatit ve sodyum feldispat ilaveli
numunelerin su emme degerleri standartlarin Gzerindedir. Bu da
istenmeyen bir 6zelliktir. Pisme mukavemetleri herbir numune
icin standartlarin Uzerindedir. Toplu kiicilme en yiiksek nefelin
siyanitte gozlenmistir, bu durum nefelinin kullanimi agisindan bir
dezavantajdir. Pegmatit ve sodyum feldispatin toplu ki¢ilme
degerleri birbirine yakin olup standartlarin disindadirlar. Bu
¢alismanin sonucu olarak, bu tic hammaddenin yer karosu
blnyesinde kombinasyonlar halinde kullanilmasi onerilmektedir.
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Fig.10 is showing DTA curve for 25 wt % pegmatite added sample.
From this curve, at 100 °C, physical water is evaporating, at 300
°C, cyrstal water is released and at 570 °C, quvars transformation
takes place. Fig. 11 s showing DTA curve for 25 wt % syenite added
sample, from this curve, one can also see the same behaviors as
mentioned for pegmatite. Fig. 12 is showing DTA curve for 25-wt
% sodium feldspar added sample. In this case, we can also see
the similar manner in Figs.10-11.

Tables 6- 8 are showing the Harcourt and autoclave tests results
for the pegmatite, syenite and sodium feldspar added samples.
According to these tests, all samples found satisfactory.

4. GENERAL RESULTS

The used raw materials have both advantages and disadvantages
for standard tile body production. Pegmatite and sodium feldspar
showed suitable total shrinkage and dry strength according to
standards. As syenite is providing appropriate water absorption
(~2.7 %), the other two additives values were found to be over the
standard. Firing strengths for each sample were found to be within
standard values. Even more, their firing strengths were found to
be higher from standard value. The highest total shrinkage was
observed in syenite added samples, this effect is a disadvantage
of syenite. The total shrinkages of pegmatite and sodium feldspar
being close to each other are far from standards. As a result of
this study, we propose to use these three materials in a suitable
combination.
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Seramik

dokum filtreleri
Ceramic molten metal filters

GIRIS

Gozenekli malzemelere olan ilgi yeni tretim yontemleri ve yeni
uygulama alanlarindaki gelismelere paralel olarak her gecen giin
artmaktadir. Gozenekli seramikler geleneksel 1si yalitim ve yapi
malzemesi olarak kullanilagelmistir. Yiksek sicaklik, kimyasal
dayanim ve yiiksek yapisal homojenlik gibi ilgi cekici ozelliklerinden
dolay, bu uygulama alanlarinin disinda filtre malzemesi, katalizor
destek malzemesi ve membran formunda da kullanilmaktadir.
Gozenekli seramikler “agsi seramikler” ve “kopiik seramikler”
diye iki ana grup altinda toplanabilir. Kisaca, agsi seramikler,
seramik matris ile cevrilmis ve birbirine kenetlenmis bir gozenekli
yap! iken kopuk seramikler siirekli bir seramik matris icinde
dagilmis kapali gozeneklerden meydana gelmektedir. Sozkonusu
yapilarin gecirgenlikleri farkli olup, agsi tirde yiiksek, kopiksulerde
dustiktir. Gecirgenlikteki bu farklilik hiicre yapilarinin acik veya
kapali olmasindan kaynaklanmaktadir [1]. Gzenekli ve ag yapili
malzemeler diistik agirlik, yiiksek ylizey alani ve dusik isil iletkenlik
gibi dikkat cekici 6zelliklere sahiptir. Agsi yapidaki gozenekli
malzemelerin en yaygin uygulama alanlari dokim filtreleri, dizel
motor egsoz filtresi, katalizor destek malzemesi ve endustriyel
sicak gaz filtresidir. Hem agsi hem de kopuk seramikler hafif plaka
malzemesi, yalitim malzemesi, sicakliktan koruma malzemesi ve
gaz yakma odasinin duvar malzemesi olarak kullanilmaktadir.

1. SIVIMETALIN FILTREDEN GECIRILMESI

Demirdisi metallerin daha karmasik uygulamalarindaki artisla
birlikte metalin kalitesinde daha belirgin gelismelerin saglanmasina
olan ihtiya¢ da artmaktadir. Kalite glivence programlarinin da
devreye sokulmasiyla rekabet edilebilir fiyat diizeylerinde, daha
yuksek kaliteli dokimlere olan talep kendini daha belirgin bir
bicimde hissettirmistir. Bu tir gereksinimler, parcalarin tekrar
islenme oraninin, hurdaya ayrilan miktarin ve hata tespiti icin
harcanan sirenin mimkin oldugunca dusuk seviyelere nasil
cekilebilecegi yoniindeki calismalara olan ilgiyi artirmistir.

Metalik olmayan kalintilar yapida oksit tabakasi, oksit parcaciklar,
karbtirler, nitriirler, borirler, fosfatlar, stlfitler, metaller arasi
kalintilar ve cesitli kirlilikler seklinde yer alabilirler. Kaynagi cok
cesitli olabilen kalintilarin en 6nemlileri asagida siralanmaktadir.
Bu tir kalintilar doklimhanelerde olusan hurdalarin ana
nedenidir[2]:

i. Baslangic hammaddeleri

ii. Firin refrakterleri

iii. Akiskanlastirict hammaddelerden kaynaklanan atiklar
iv. lyi denetlenememis isil islemler

v. Aktarma ve dokme asamalarinda olusan oksitler

vi. Kalip malzemesi ve kaplamalar

vii. Metal besleme sistemindeki tlirbiilans akis
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INTRODUCTION

The interest in porous ceramics has increased concurrently with
new processes and applications. Traditionally porous ceramics
have been used as thermal insulation and building materials. In
addition to these areas because of their attractive properties,
including good temperature and chemical resistance and high
structural uniformity, they are being used as filters, catalyst supports
and membrane applications. Generally porous ceramics can be
grouped in two basic categories: reticulate ceramics and foam
ceramics. Briefly, a reticulate ceramic has a porous structure
comprised of interconnected voids enclosed by a web of ceramic
while a foam ceramic has closed voids within a continuous ceramic
matrix. Permeability of these structures are different, high and
low in reticulate and foam ceramic structures, respectively. The
difference between these porous structures is due to the open-
versus closed-cell structures [1]. These porous network structures
have remarkable properties such as relatively low mass, high
surface area and low density, and low thermal conductivity. The
most common applications of reticulate porous ceramics are
molten metal, diesel engine exhaust filters, catalyst supports and
industrial hot-gas filters. Both reticulate and foam ceramics are
used as light-structure plates, thermal insulating materials, fire
protection materials, and gas combustion burners.

1. LIQUID METAL FILTRATION

Non-ferrous metals have an increasing usage for more sophisticated
applications and this fact has led to ever-greater demands for
major improvements in metal quality. By the introduction of Quality
Assurance programmes demand for higher quality castings at
competitive prices, has been further supported. These requirements
increased interest in ways of keeping the amount of reworking,
scrap and inspection times as low as possible.

Presence of non-metallic inclusions can take a range of forms
including films and particles of oxides, carbides, nitrides, borides,
phosphates, sulphides, inter-metallic inclusions and sludge, which
can originate from a number of sources including the following,
is one of the basic causes of scrap in the foundry [2]:

i. Charge materials

ii. Furnace refractories

iii. Flux residues

iv. Poorly controlled metal treatments

v. Oxide produced in transfer and pouring

vi. Mould materials and coatings

vii. Turbulent flow through the running system

As aresult of these inclusions following events are occurred:
i. A reduction in mechanical properties
ii. Poor machinability with consequent high tool wear



Bu kalintilar yiiziinden su olumsuz sonuglar ortaya cikmaktadir:

i. Mekanik ozelliklerde kotiilesme

ii. Zayif islenebilirlik ve bunun sonucu takim celiklerinde yiiksek asinma
iii. Metalin akiciiginda azalma

iv. Rotus islemlerini etkileyen kot ylizey kalitesi

v. Yiiksek I1skarta orani

vi. Basing dayaniminin olmamasi

Kalintilar, iskarta oranini ve onarim masraflarini artirmak ve de
kot gorinumli dokiimlere neden olmak suretiyle dokiimhanelerin
karligi Uzerinde ciddi olumsuz etkilere yol agmaktadir. Dolayisiyla,
sorunun giderilmesi amaciyla refrakter malzemesinin degistirilmesi,
dokme kosullarinin ve besleme sistemlerinin yenilenmesi gibi
cesitli cabalar sarf edilmistir. Ancak, biitin bu tedbirlere ragmen
elde edilen basari kismi olmus ve durumdan duruma da degisiklik
gostermistir [3]. Sonugta, seramik filtrelerin artan oranda kullanimi
daha temiz dokiim metal ve alasimlarin tretimini beraberinde
getirmistir. Boylece besleme sistemi birincil amaci olan dokim
bosluguna metali akitma gorevini Ustlenirken, seramik filtre
kalintisiz dokimlerin elde edilmesini saglamakta, ayrica filtrasyon
surecinin belli basli problemlerinin cogunu ortadan kaldirarak
verimi artirma gdrevini yerine getirmektedir [4].

Demir disi metal dokiimhanelerinde, ergimis metali dokim oncesi
filtrelerden stizmek suretiyle enerji ve maliyet kazanimlari
saglanabilmektedir. Ancak, buna ragmen bir cok dokiimhane,
belki de saglayacagr maliyet dususunden habersiz oldugu icin,
ergimis metali halen filtre ile stizmemektedir. Atilabilir 6zellikte
bir seramik filtrenin tam kalibin agzina yerlestirilmesiile hem tiriin
kalitesi ekonomik bir sekilde arttirilabilir hem de isletme maliyeti
azaltilabilir. Kicuk yatirimlarla belirgin maliyet disislerinin
saglanabilecegini tartismasiz bir sekilde ortaya koyan ¢alismalar
aliminyum ve bakir esasli alasimlari doken dokiimhanelerde
gerceklestirilmistir. Bu calismalara gore bir ton iyi dokim basina
ortalama 800 $'Uk bir tasarruf saglamak mimkindur. Enerji
kaynakli olmayan diger kazanclar da neredeyse ayni diizeyde
gerceklesmistir [5]. Filtrelerin montaji icin kaliplarda yapilmasi
gereken ayarlamalar icin gereksinim duyulan harcamalar cok
dusuk dizeylerdedir.

Ergimis metalin dokiim &ncesi filtrelenmesi ile saglanacak yararlar
su unsurlari icermektedir:

R =

Sekil 1: Seramik eriyik metal filtre cesitleri (a) preslenmis seramik filtre [7], (b) koptik
seramik filtre [7], (c) seramik membran filtre [8], (d) cekilmis (extruded)

seramik filtre [9].

Figure 1: Ceramic molten metal filter types (a) pressed ceramic filter [7], (b) foam
ceramic filter [7], (c) ceramic membrane filter [8], (d) ceramic extruded filter [9]
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iii. A reduction in metal fluidity

iv. Poor surface quality affecting subsequent finishing treatments
v. High scrap rates

vi. Lack of pressure tightness

Inclusions have severe effects on foundry profitability by causing
greater proportion of rejects, increased costs of rectification, and
castings of poor appearance. Thus to solve this problem efforts
have been made such as changing refractory material, melting
practices, pouring procedures and gating systems. Only partial
success is obtained by all these alterations however varying from
case to case [3]. Consequently increasing use of ceramic filters
has ensured the cleanliness of the majority of cast metals and
alloys. Running system can be used for its primary purpose of
metal delivery to the casting’s cavity whilst ceramic filter is used
to provide inclusion-free castings and improve yield by overcoming
most of the previous problems experienced at filtration process
[4].

In non-ferrous foundries, energy and cost savings can be achieved
by the use of filters for straining the molten metal prior to casting.
Many foundries do not yet filter, perhaps because they are unaware
of the likely cost benefits. Inserting a disposable ceramic filter just
ahead of the mould can provide a cost-effective way of improving
product quality and reducing operating costs. Studies were made
in aluminium and copper-based alloy foundries, which proved
conclusively significant cost savings for little expenditure-on an
average about $800/year per tone of good castings. Other non-
energy related savings were almost as high as well [5].

The cost of adjusting patterns or dies to accommodate filters is
minimal. The benefits of filtering molten metal prior to casting
include:

« Higher casting quality (and hence customer satisfaction)
¢ Reduced scrap and reject rates

¢ Higher overallyields and

¢ Reduced energy, metal, sand and labour costs

2. TYPES OF MOLTEN METAL FILTERS

Various kinds of filters are available including: strainers cores,
sieve cores, filter clothes, steel gauze screens, wire wool, cellular
filters and ceramic foams. In Figure 1 different types of ceramic
molten metal filters are seen. Depending on the number of pores
per unit (ppi=pores per inch) porous ceramic filters are classified
ranging from 3 ppi to 40 ppi as rough and fine, respectively. Generally
porosity content of the filters varies between 75 to 80%. Effective
and efficient filtering can be achieved using high numbered filters
in molten metals with high melt flow and low surface tension [6].

Steel gauze screens and filter clothes have been used in the primary
and secondary aluminium industries for several years. In the non-
ferrous metal industry different filters such as open weave fibreglass
cloth, steel gauze screens and wire wool have been used with only
limited success. These materials have an effect in reducing
turbulence but are not particularly effective in filtering fine non-
metallic from the metal, also in the case of steel containing filters
the problem of iron contamination on remelt can become a
significant factor.

Strainer cores have been used extensively in the iron-casting field,
but are not really a filter as such. Principally these materials are
designed to act as a choke in the system, primarily positioned at
the base of the down sprue, to affect a full sprue and cause slag
flotation.
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« Daha iyi bir dokiim kalitesi [ve dolayisiyla da yiiksek miisteri
memnuniyeti)

¢ Daha diisuik hurda ve iskarta oranlari

¢ Daha yiiksek toplam verimlilik ve

¢ Daha disuk eneriji, metal, dokiim kumu ve is¢ilik maliyeti

2. ERGIMIS METAL FILTRE TURLERI

Filtre maca, elek maca, celik tul elekler, teliplik, hiicre filtre ve

seramik kopukler gibi cok cesitli filtre tirleri bulunmaktadir. Sekil
1'de seramik eriyik metal filtrelerin degisik tirleri gosterilmektedir.
Gozenekli seramik filtreler, birim uzunluk basina diisen gozenek
sayisina bagli olarak kaba ve ince diye iki grupta toplanmaktadir.
Genelde filtrelerin gozenek orani %75-80 arasinda degismektedir.
Eriyik akisi yliksek ve yiizey gerilimi disuk olan eriyik metallerde
etkin ve verimli bir filtreleme islemi ince filtreler ile yapilabilir [6].

Celik tul elekler ve filtre keceleri aliminyum endustrilerinde
yillardan beri kullanilmaktadir. Demir-disi metal endistrisinde
acik orulmus cam fiber keceleri, celik til elekler ve tel yiin gibi
cesitli filtreler ancak sinirli bir basart ile kullanilagelmistir. Bu filtre
malzemeleri her ne kadar turbulansi azaltmada yararli iseler de
ince, metalik olmayan safsizliklarin metalden uzaklastirilmasinda
etkin olmamaktadir. Ayrica, celik iceren filtrelerde tekrar ergitme
asamasinda meydana gelen demir kirlenmesi 6nemli bir sorun
yaratabilir.

Filtre keceleri dokme demirlerde yaygin bicimde kullanilmakla
beraber aslinda bir filtre malzemesi degildir. Temelde bunlar
sistemde bir tikanma etkisi yaratmak izere tasarlanmis olup, tam
biryolluk ve cliruf flotasyonunu saglamak icin alt yollugun tabanina
yerlestirilmektedirler.

Elek macalarin gozenekleri filtre macalarinkinden incedir ve sivi
metalin akarken gerinmesini saglamak tizere tasarlanmislardir.
Filtre keceleri, aliminyum icin oriilmis cam fiber yapilaridir ve

ylksek sicaklik uygulamalari icin ([dokme demirler dahil] Griilmis
refrakter cam kegceleridir. Her ne kadar tirbilansi azaltma egilimleri
olsa da filtreleme verimleri ve filtre ile elek macalari gibi gozenekli
alanlari nispeten distktir. Ayrica, yeterli biytikliikte bir parcanin
engel olmamasi durumunda tikama gorevini de Ustlenebilirler.

Ornegin, elek macalari metal gegisi icin yaklasik % 45 civarinda

bir acik alana sahip iken kecelerin acik alani yaklasik % 25'dir [4].

Hucresel filtreler, tipik olarak kare kesit gecisli bir ar petegi
yapisindadirlar ve seramik duvarlarin ince olmasi nedeniyle yaklasik
% 75'e kadar varan bir gozeneklilige sahip olabilmektedirler.
Hucresel filtrelerin hiicre yapisi eleme verimliligini sinirlamaktadir.
Eleme verimliligi filtre ylizeylerinde biriken kalintilardan onemli
oranda etkilenmektedir.

Seramik kopuk filtrelerin gliniimizde kullanimda olan filtreler
arasinda en ylksek etkinlige sahip filtre ¢esidi oldugu ileri
stirilmektedir. U¢ boyutlu ag yapilari sayesinde metal akisi icin
cok dolambagli bir glizergah olusturmakta ve boylece de yiksek
bir filtrasyon verimliligi saglamaktadirlar. Boyle biryapi eriyik metal
ile seramik filtre arasinda olagantisti yakin bir temasa yol agmakta,
bu sayede ¢ok kiclik kalintilar cekim ve emilme yoluyla filtrenin
ic duvar ylzeylerinde birikmekte ve de metalden
uzaklastirilmaktadir. Seramik kopiik filtrelerin kullanimina iliskin
temsili bir akis semasi Sekil 2'de gosterilmistir.

Seramik filtreler her ne kadar aliiminyum ve demir dokim

sektorlerinde yaygin bir kullanima sahip olsalar da celik sektoriinde
cok daha az kabul gormektedirler.
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Sieve cores have finer holes than strainer cores and in actual fact
are designed to strain the liquid metal as it passes through.

Filter clothes are woven fibreglass structures for aluminium and
woven refractory glass clothes for higher temperature applications
including cast irons. Although they have a tendency to reduce
turbulence, they have a low filtering efficiency and like strainer
cores and sieve cores, they have a small open area and could act
as a choke, unless sufficiently large piece is used to counteract
this. For instance, sieve cores tend to have approximately 45%
open area for metal passage and clothes approximately 25% [4].

Cellular filters have a typically honeycomb structure, with square
section passages, which due to the thin ceramic walls can have
up to approximately 75% open area. Cell structure of cellular filters
limits its efficiency and relies heavily on the build-up of inclusions
on the face of the filter to effect removal.

Ceramic foam filter is claimed to be the most highly efficient filter
currently in use. Pores of ceramic foam filters have a 3-D network,
which provides a very tortuous path for metal flow thus provide
high filtration efficiency. This kind of structure allows extremely
intimate contact between the metal and the ceramic structure,
which effects the removal of very small inclusions by attraction
and absorption to the internal ceramic pore surfaces. A
representative flowchart for the usage of the ceramic foam filters
is seen in Figure 2.

Ceramic filters are widely used in the iron and aluminium alloy
castings sector but they are accepted to a much lesser extent in
the steel sector. This is due to the two main problems. Firstly, the
high pouring temperature of steel can lead to the catastrophic
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Sekil 2 : Seramik kopiik filtrelerin kullanimi [10].
Figure 2 : The usage of the ceramic foam filter [10]



Bu, temelde su iki ana problemden kaynaklanmaktadir: Celigin
yuksek dokme sicakligy, filtrenin dusuk isil sok direnci nedeniyle
aniden kinlmasina neden olabilir. Daha dnceki filtreleme islemlerinin
kalintilar ve ctirufun varligi filtrenin dokimuin ortasinda tkanmasina
yolacmaktadir. Bu ikinci sorun ¢eligin hizli soguma egilimi yliztinden
daha da biyumektedir. Filtrenin kapanmasi durumunda, hem
dokiim hem de kalip hurdaya ¢ikmaktadir. Tipik metal dokim
sicakliklari ve seramik filtre malzemeleri Cizelge 1'de
gosterilmektedir.

3. METAL DOKUM FILTRELERININ URETIMI

Poroz seramiklerin tiretiminde kullanilan ¢ok sayida yontem
bulunmaktadir [12]: Kapstilstiz HIP (Sicak izostatik Presleme), 6zel
bir isilislem uygulanarak camur formda veya yas halde kabarcik
olusturulmasi, reaksiyon sinterlemesi, kismiyogunlasma saglamak
amaciyla sinterleme kosullarinin ayarlanmasi, on sinterlemesi
yapilmis graniil veya fiberlerin istiflenmesi, aerojel ve sol-jel
metotlari, ¢cesitli organik katkilarin pirolizi, polimerik stinger yontemi.
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failure due to thermal shock. Secondly, the presence of inclusions
and dross from earlier metal treatments causes the filter to block
part way through mould filling. The latter problem is accentuated
by the rapid freezing of the steel. If the filter gets blocked, the
castings are mis-run and the mould and castings are scrapped.
Typical metal casting temperatures and ceramic filter materials
are shownin Table 1.

3. PROCESSING OF MOLTEN METAL FILTERS

Numerous processing routes are available to realize porous
ceramics [12]: capsule free HIP, bubbles generation into a slurry
or at a green state during a specific thermal treatment, reaction
sintering, control of the sintering conditions in order to achieve a
partial densification, stacking of pre-sintered granules or fibres,
aero gel and sol-gel methods, pyrolysis of various organic additives,
polymeric sponge method. Schwartzwalder et al firstly described
polymeric-sponge technique in 1963. In Fig 3 [13] there is a general
flow chart, which describes the steps of polymeric-sponge technique.

Dokiilen Metal Dékme Sicaklk Araligi °C Tipik Filtre Malzemeleri
Cast Metal Pouring Temperature Range °C Typical Materials For Filter Media

Alliminyum Alasimlari 750-850
Aluminium Alloys 750-850

Bakir Esasli Alasimlar 1000-1200
Copper Based Alloys 1000-1200
Dokme Demirler 1350-1500
Cast Irons 1350-1500
Dokme Celikler 1550-1700
Cast Steels 1550-1700

Cizelge 1. Tipik metal dokiim sicakliklari ve seramik filtre malzemeleri [11]
Table 1. Typical metal casting temperatures and ceramic filter materials [11]

Polimerik stinger yontemi ilk olarak Schwartzwalder ve ark.
tarafindan 1963 yiinda bilim diinyasina sunulmustur [13]. Sekil
3'de polimerik stinger yonteminin basamaklarini gosteren genel
bir akis semasi verilmektedir. Bu teknikte polimerik singere bir
seramik camuru emdirildikten sonra organiklerin yanmasini ve
seramik yapinin sinterlenmesini saglamak amaciyla bir isil islem
uygulanir. istenen performansa sahip képiik tiriiniin elde
edilebilmesi icin pek cok basamagin 6zenle gerceklestirilmesi
gerekir: Kullanilacak polimerik malzemenin secimi, seramik
¢amurun hazirlanmasi, emdirme islemi, kurutma, organiklerin
uzaklastirilmasi ve seramik yapinin sinterlenmesi basamaklarini
icerir. Cok cesitli acik, yari kapali ve kapali hiicreli siinger
malzemelerinin kullanilmasi mimkindir. Secilen siinger
malzemesinin por boyutu pisirme sonrasi meydana gelen cekme
ile beraber seramik yapinin por boyutunu belirler. Stinger
malzemesinin diisuk sicakliklarda zararli yan Urinler
olusturmaksizin buharlasmasi istenir. Bununla birlikte stingerin
kolayca yumusamasi ve yanmasi, yapida onemli oranda kalinti
gerilme olusturmamasi ve sinterlenmemis ag yapisinda sekil
bozukluklarina yol acmamasi istenir. Onemli diger 6zellikler ise
esneklik, su sevmezlik ve homojen bir sekilde kaplanabilme
seklinde siralanabilir. Bu 6zellikleri saglayan cok sayida stinger
malzemesi mevcuttur. Ornegin, politiretan, seliiloz, polivinil kloriir,
polistrin, lateks. Bazi durumlarda piroliz yontemiyle seramik
koptiklerin tretiminde stingerimsi polimerlerin (6rnegin, polisilanlar,
polikarbosilanlar) de kullanilabildigi bilinmektedir. Piroliz edilen
bu poroz agsi yapilara daha sonra kompozit kopiik Uretmek icin
seramik camur emdirilir [14]. Hi¢ stiphesiz ki, polimerik stinger
malzemesinin duvarlarinthomojen bir sekilde kaplayacak, kolayca
yogun bir seramik ag yapisi olusturmak uzere sinterlenecek ve
servis esnasinda ortaya cikacak guc kosullara karsi dayanim
gosterebilecek uygun dzellikte bir seramik camurunun hazirlanmasi,
bu slirecin anahtar basamaklarindan biridir.

Sozkonusu uygulama alani icin hazirlanmakta olan genel bir camur;

AL,05, Miillit esasli seramikler, SiC, Silika kege, Parcacik baglanmis SiC
Al,0;, Mullite based, SiC, Silica cloth, Bonded SiC particulate

AL,05, Miillit esasli seramikler, SiC, Silika kege, Parcacik baglanmis SiC
Al,0;, Mullite based, SiC, Silica cloth, Bonded SiC particulate

Al,05, Miillit esasl, SiC, Silika kege, Parcacik baglanmis SiC
Al,0; Mullite based, SiC, Silica cloth, Bonded SiC particulate

Kismi kararlastirilmis-zirkonya, ZT- AL,0;, Kaplanmis miillit, islenmis silika kece
PS-Zirconia, ZT- Al,03, Coated mullite, Treated silica cloth

This technique included the impregnation of a polymeric sponge
with ceramic slurry followed by a thermal treatment, which leads
to the burning out of the organic portion and to the sintering of the
ceramic skeleton. Many steps must be optimised to develop a
foam product having the desired performances, namely: the choice
of the polymeric template; the preparation of the ceramic slurry;
the impregnation; the thermal cycle comprising drying, burning
out of the volatile components, sintering of the ceramic portion.
Avariety of open-cell, semi-closed and closed-cell sponge materials
are suited to replication process; their pore size determines the
pore size of the ceramic foam after the shrinkage linked to the
firing step. The sponge should volatilise at low temperature without
yielding noxious by-products; in addition, it must readily soften and
burn off, without inducing sensible residual stresses and disrupting
the non-sintered ceramic network. Its resiliency, its hydrophobic
behaviour and its ability to be uniformly covered are other significant
properties. Many polymeric-sponge materials can satisfy these
requirements, namely poly (urethane), cellulose, poly (vinyl chloride),
poly (styrene), latex. In some cases, sponge like polymers (like
polysilanes, polycarbosilanes) have been used to prepare ceramic
foams by pyrolysis: these pyrolyzed porous networks were then
immersed in ceramic slurries to obtain composite foam.

One of the key steps of this process is undoubtedly the elaboration
of appropriate ceramic slurry able to uniformly cover the polymeric
walls, to easily sinter in a dense ceramic network, able to withstand
the in-use constraints. Common slurry for this application is formed
by a ceramic powder, a dispersion medium (generally water) and
some additives. A pure, fine ceramic powder having a narrow
particle size distribution is usually requested: dimensions lower
than 45 pm are common, and generally the mean particle size is
close to few microns. In addition, equiaxial particles should lead
toamore
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seramik toz, dagitici ortam (genelde su) ve bazi katkilari icermektedir.
Genellikle saf, ince ve dar bir tane boyut dagilimina sahip seramik
tozlar tercih edilmektedir. Kullanilan tozlarin boyutunun genelde
45 pm’den kiclk olmasi ve ortalama tane boyutunun birkag pm'yi
gecmemesi istenir. Ayrica eseksenli tanelerin kullanimi stingerin
seramik camuruyla daha homojen bir sekilde kaplanmasina
yardimci olabilmektedir. Stingerin yiizeyine kaplanacak olan ¢amur
miktari secilen stingerin yapisina (stingerin acik porozite miktari
arttirilarak optimize edilebilen emme kuvveti ve yercekimine karsi
seramik camurunu stingerin Uzerinde tutabilme kabiliyeti) oldugu
kadar camurun konsantrasyonuna da baglidir. Seramik ¢camurlarin
katiicerigi kullanima bagli olarak cok degiskenlik gosterebilmektedir
ancak genel olarak % 50-70 arasinda degismektedir. Yiksek kati
konsantrasyonlarinda camur gittikce daha viskoz hale gelir ve
seramik camurunun siinger yapisina girmesi zorlasir. Dolayisiyla,
suingere emdirilen camur miktari azalir. Seramik camurun stingere
daha iyi kaplanmasini saglamak ve elde edilen kopiik malzemesinin
ozelliklerini iyilestirmek amaciyla pek cok ilaveler kullanilabilir.
Baglayici malzemeler kuruma sonrasi seramik yapinin daha
mukavim olmasini saglar ve organikler uzaklasirken ¢cokmeyi
engeller. Camurun viskozitesini ayarlamak amaciyla reolojik ilaveler
yapilabilir. Zaman zaman uygun bir kaplama eldesi icin camurun
tiksotropik bir davranis géstermesi arzu edilir. Camur, polimerik
stingere emdirildiginde camurun siingerin yapisina girebilecek
kadar akiskan olmasi, stinger agini homojen bir sekilde kaplamasi
ve daha sonra siingerin tzerinde kalabilmesi icin statik kosullarda
tekraryeterliviskoziteyi kazanmasi gerekmektedir. Ayrica, emdirme
genelde sistemden havayi uzaklastirmak icin sikistirma islemiyle
gerceklestirilir. Singer seramik camur icerisine daldirilir ve
polimerin camur icerisinde serbestce genlesmesi saglanir.
Camurun ylksek viskoziteye sahip olmasinin eski sekline donmeye
calisan suingerin camur icerisindeki hareketini yavaslattigina
inanilmaktadir [14].

Poroz seramikler, ozellikle de polimerik siinger yontemiyle
hazirlananlar goreceli olarak diisiik bir mukavemete sahiptir.
Organik slinger yapidan uzaklastirildiktan sonra geride kalan
oldukga ince agsl seramik yapi sonraki islemlere dayanamayabilir.
Filtre uygulamasi icin yeterli ve guvenilir bir mukavemet 6zelligi
oldukca onemlidir. Zira, agsi seramik yapinin isil soklara, yuksek
sicakliga, sicak metal veya gazlardan kaynaklanan korozif ortamlara
karsi dayanikli olmasi gerekir. Bu yapilarin mukavemetini arttirmak
icin 6nerilen en yaygin yontemlerden biri yapinin fiber takviyesiyle
guclendirilmesidir [15].
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homogeneous coating of
ilaveler / Additives the polymeric walls. The
v quantity of particles that
can enter a sponge
depends on factors, which
are related to the structure
of the sponge (that is its
suction force, which is
optimised increasing the
open porosity of the
sponge, and its ability to
Kurutma retain the ceramic
Drying particles, against gravity
force), but also to the
concentration of the slurry.
The slurries contain very
Sinterleme variable solid weight
Sintering percent, but usually
ranging between 50 and
70-wt % of solids. For
higher solid
concentrations, the slurry
becomes more and more viscous and the particles might then
have difficulty in entering the sponge structure: therefore, the
sponge loading decreases. Many additives should be used for
improving the coating performances or even the final sintered
foam properties. A binder can provide strength to the ceramic
structure after drying and prevent collapse during volatilisation of
the organic portion. Some rheological agent should be added to
adjust the slurry viscosity Sometimes a thixotropic behaviour has
been suggested for an appropriate coating: when the polymeric
sponge is impregnated, the slurry must be fluid enough to enter,
tilland uniformly coat the sponge network and subsequently regain
enough viscosity under static conditions to remain in the sponge.
In addition, being the impregnation generally conducted by
compression to remove air, immersion of the sponge in the slurry,
and free expansion of the polymer in the ceramic suspension, it should
be supposed that a high viscosity of the slurry retards the movement
of the sponge when it tries to recover its original shape [14].
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Siingerden asiri camurun uzaklastiritmasi
Removal of excess slurry from sponge

Stinger/organiklerin uzaklastirilmasi
Evaporation of sponge/organics

Sekil 3. Polimerik stinger metodu.
Figure 3. Polymeric-sponge method
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when they are made by the polymeric-sponge method. In this case
after the organic sponge is burned out, very thin webs of ceramic
structure may be left which will not withstand handling or loading.
Adequate and reliable strength is important for the filtering
application, where the reticulate ceramic must be able to withstand
thermal shock and resist the high-temperature, corrosive
environment of hot metal or gases. One of the most common ways
to improve strength is by the addition of fibres to the ceramic
structure [15].
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