OZET

Yap: malzemelerinden giinliik yasamin her alanina kadar genis bir yelpazede kul-
lamilan seramik iiriinler, seramik hammaddelerinin bir araya getirilmesi ile olu-
surlar. Son yillarda Ulkemizin cesitli bolgelerinde bulunan alternatif hammadde
kaynaklarimin seramik biinyelerde kullanimu ile ilgili bircok arastirma yapilmak-
tadir. Farkly kimyasal, fiziksel ve mineralojik ozelliklere, sekillendirme, renk ve
doku karakteristiklerine sahip olan hammaddeler ekonomik anlamda da fayda
saglayacaktir. Tiirkiye ozellikle sanatsal iiretimlerde kullamima uygunluk tasiyan
mineraller, kayaglar ve ézellikle kil yataklar: agisindan ¢ok zengin bir iilkedir. Bu
calismada, kuru presleme ve plastik sekillendirme yontemlerine uygun biinyelerde

Dursunbey bélgesi kilinin kullanimi arastirilmigtir.

Anahtar Kelimeler: Dursunbey Bolgesi kili, Kuru presleme, Stoneware biinye
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Seramik iiriinlerde, hammaddelerin belirli standartlara uygun olmas: gerekir. Ozellikle-
ri degismeyen, farkliliklar gostermeyen hammaddelerle ¢alismak, endiistriyel iiretimlerde
kaliteyi stirekli kilmak i¢in bir 6n kosuldur. Ancak, dogadan dogrudan elde edilen hammadde-
lerde, malzeme karakteristikleri agisindan her tiirlii degismenin olabilecegi gercegi her zaman
vardir. Endiistriyel {iretimin disinda, sanatsal iiretimlerde ve bireysel ¢alismalarda ise ham-
maddelerdeki bu degigkenlik ¢ok fazla sorun olmayabilir. Hammaddedeki kimyasal ve fiziksel
tarklihiklar (alkali oksit, silisyum dioksit, aliiminyum oksit ve diger oksitlerin miktarlari, pisme
rengi, sekillendirme yontemlerine uygunluklari) tiretilen formlarda ¢amur, sir ve astar biinyeleri

acisindan gorsel zenginlik olarak katki saglayabilir.

Yer kabugunda en ¢ok, en kolay ve her yerde bulunan malzeme kildir. Kilin en 6nemli
ozelligi olan plastisite, gomlekgiligin temelinde anahtar olan bu malzemenin potansiyelinin
anlagilmasini saglamistir (Rado, 1988, s.1-5). Kil mineralleri, seramikte iiretiminde gerekli olan
hammaddelerin iginde kullanim miktar: agisindan en 6nemli grubu meydana getirirler. Kil
kaynaklarina yakin yerlerde ilk seramik fabrikalar1 bu nedenle kurulmustur. insanlar killerden
Oylesine hizli bir tempoda yararlanmaktadir ki, bugiin tanimlanmamuis ince taneli bir birikim,
kullanilabilirligi anlagilinca yeni bir kaynak olarak ortaya ¢ikmakta ve isimlendirilmektedir.
Diinyada ve Tiirkiyede niifus artigina paralel olarak ingaat sektoriinde ve seramik iiriinlerin
kullanildig1 endiistri ve sanat alanlarinda gelisme oldugu her dénemde killer, en 6nemli ham-
madde olma &zelligini devaml giindemde tutacaktir (DPT, 1995, .53, Onem, 2000, s. 19-33).

Stoneware; yumusak porselen {irtinlerin disinda, 1150 ve1300 0C sicakliklar: arasinda pi-
sirilen triinlere verilen isimdir. Tasa benzerligi nedeniyle bu ismi almustir. Piirildiginde sert,
dayanikli, su gecirgenligi hemen hemen hi¢ olmayan bir malzemedir. Termal sok dayanimi
ytiksektir ve uygulanan sirlarla uyumludur (Hopper, 1984, 5.25). Orta ve yiiksek pisirimlerde,
biinye renkleri; acik fildisi veya sarimsi bejden, koyu kirmizi ve kahverengilere kadar degisir.
Rediiksiyon ortaminda pisirilmis tirtinlerin genel goriiniimi giizeldir. Renk zengin ve canly,
gorsel doku oldukga aktiftir. Cogu seramikgi, notr ortamda pisirilecek olan stoneware biinye-
lere, goriiniimlerini gelistirmek i¢in manganez ya da ilmenit gibi malzemeler ilave eder. Ancak
bunlar rediiksiyon pisirimli biinyelerin kétii kopyalarina benzerler. Genelde nétr ortamda
pisirilen biinyeler, rediiksiyon ortaminda pisirilenlerden daha zengin kil ierigine sahiptirler
(Zakin, 1990, 5.20-21). Bu galismada, Balikesir-Dursunbey bolgesinden alinan kilin tek bagina

ve stoneware biinye receteleri i¢cinde kullanilabilme olanaklar1 aragtirilmigtir.

DENEYSEL CALISMALAR

Balikesir- Dursunbey Bolgesinden alinan hammadde, aragtirmanin ilk asamasinda geneli
kiricida boyut kiigtiltme islemine tabi tutulmustur. 30 kg kuru hammadde kapasiteli bilyali
degirmenlerde, yas 6giitme sonrasi siizme ve kurutma islemleri yapilarak kullanima uygun
hale getirilmistir. Kil 6rneginin X- 1s1n1 fluoresan (XRF) ile belirlenen kimyasal analizi tablo

I'de sunulmustur.



Tablo 1. Dursunbey Kilinin Kimyasal Analizi (agirlik¢a %)

Hammadde SiOZ|A1203 Fe203| NaZOl K20 | CaO | MgO | Tio*| *ak

77,11 12,35| 1,580 | 0,523 | 2,524 1,214| 1,316 | 0,80 | 3,40

*A.K.: Ateste kayip

Dursunbey kilinin, mineralojik analiz sonucunda montmorillonit, illit ve kuvars fazlarin-
dan olustugu belirlenmistir. Resim 1de hammaddenin dogal halde ve 1200 °C sicakliktaki
pisirim sonrasi renk degisimleri ve ergime 6zellikleri goriilmektedir. Balikesir Dursunbey;,
Gugii koyii yakinlarindaki sahalardan alinan kil 6rneklerinin dogal halde grimsi beyaz, 1200

°C sicaklikta ise sarimtrak renk aldig1 gortilmektedir. Ayrica bu sicaklikta, 6rneklerde erime

olmad1g1 gozlenm1§t1r

Dogal 1200 °C
Resim 1. Dursunbey Kilinin Dogal Halde ve 1200 °C Sicakliktaki Pisme Renkleri

Dursunbey Kilinin Kuru Presleme Yonteminde Kullanimi

Balikesir Dursunbey bolgesinden temin edilen hammadde, kirma ve 6giitme islemi sonra-
s1 80 meshlik elekten gegirilerek %6 nem oraninda kuru presleme yontemiyle, el kumandali
hidrolik preste sekillendirmeye uygun hale getirilmistir. Pres basinci 90 ton/cm2dir. Preslenen
bordiirler; 252x76mm, karolar; 50x50mm, boyutlarindadir. ilk asamada Dursunbey kilinden
herhangi bir renklendirici katkis1 olmaksizin bordiir basilmistir (Resim 2). 1200 °C sicaklikta

pisirim sonrasi bordiir 6rneginin krem-bej arasi renk aldig1 goriilmektedir

B . i
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Resim 2. Dursunbey Kilinin 1200°C Sicakliktaki Sirsiz Pisme Rengi
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Renklendirme iglemi igin metal oksit ve seramik boyalar kullanilmistir. Ogiitiilen ve 80
meshlik elekten gegirilen Dursunbey kiline %1, %3 ve %5 oranlarda renklendiriciler ilave edil-
mistir (Tablo 2). Homojen hale gelen renkli karisimlar kurutulmus ve preste bordiir formunda
basilmiglardir. Bordiirler sirsiz olarak 1200 °Cde, 5x5 boyutlarindaki karolar ayni sicaklikta
Esan A.§den temin edilen, 1150-1225°C sicakliklar: arasinda gelisen saydam, fritli sir ile sirla-

narak pisirilmislerdir. Sonuglar resim 3-8 arasinda verilmistir.

Tablo 2. Renklendiriciler ve Katki Oranlar: (agirlik¢a %)

Renklendirici Katki Orani

CoO 1 3 5
MnO 1 3 5
Fe203 1 3 5
Mavi Boya 1 3 5
Mavi-Yesil Boya 1 3 5
Kirmizi Boya 1 3 5

) - - -
SIRLI
%1 %3 %5

Resim 3. CoO Katkil: Biinyelerin Sirsiz ve Sirli Pisme Renkleri, 1200°C

%3

Resim 4. MnO Katkil: Biinyelerin Sirsiz ve Sirlt Pisme Renkleri, 1200°C

SIRSIZ
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) - -
SIRLI
%1 %3

Resim 5. Fe203 Katkili Biinyelerin Sirsiz ve Sirli Pisme Renkleri, 1200°C

: - -
SIRLI
%1

Resim 6. Mavi Boya Katk:il Biinyelerin Sirsiz ve Sirli Pigme Renkleri, 1200°C

swsz. [N -
SIRLI
%1 %3

Resim?7. Mavi-Yesil Boya Katkili Biinyelerin Sirsiz ve Sirlt Pisme Renkleri, 1200°C

%5

%3

%5
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%1 %3

Resim 8. Kirmizi Boya Katkil: Biinyelerin Sirsiz ve Sirlt Pisme Renkleri, 1200°C

Dursunbey Kilinin Stoneware Uretiminde Kullanim1

Dursunbey kili; yar1 yas sekillendirmede kullanima uygunlugunun belirlenmesi i¢in stone-
ware regete harmani iginde kullanilmustir. Standart regete (STD) iginde; %10, 15 ve 20 oranla-
rinda kullanilarak (Tablo 3) kuru mukavemet, toplam kii¢tilme, deformasyon ve renk 6zellik-
lerindeki degisim incelenmistir (Tablo 4). Regetedeki sert hammaddeler (feldspat, sert kaolinler
ve Dursunbey kili) 6nceden 80 meshlik elek iistiinde bakiye birakmayacak sekilde 6giitiildiigi
i¢in killerle birlikte belirlenen recete bilesimlerine uygun olarak tartilmis, su ile karigtirilmig-
lardir. Hazirlanan ¢amur yas yontemle sekillendirmeye uygun &zellikler tasimaktadir. Ornek-

lerin pigirim sicaklig1 1200 °C olarak secilmistir.

Tablo 3. Dursunbey Kilinin Stoneware Regetesindeki Katk: Oranlar: (agirlik¢a %)

Katki Oranlar:

STD DB10 DB15 DB20

Feldspat 32,5 30 30 30
Kil 19,5 19,5 19,5 19,5
Kaolinl 34 34 34 34
Kuvars 7,5 3,5 0 0
Kaolin2 6,5 3 1,5 0
Dursunbey Kili - 10 15 20



Tablo 4. Dursunbey Kilinin Stoneware Uretiminde Kullaniminin Bazi Fiziksel Ozelliklere Etkisi

Ozellikler STD DB10 DB15 DB20

Kuru Mukavemet ( kg/cm?2 ) 21,18 20,32 20,22 20,15

Toplam Kiigtilme (% ) 10,45 10,6 11,4 12,07
Deformasyon ( % ) 5,80 5,7 5,9 6,2

Dursunbey kilinin standart 6rnege gore, biinyenin kuru mukavemetinde bariz bir farklilik
olusturmadig belirlenmistir. Ancak, stoneware biinyenin toplam kiigiilmesi ve deformasyon
degerlerinde yiikselme goriilmektedir. Ayrica renk ol¢timleri sonucunda, stoneware gamur
recetesi icinde Dursunbey kilinin orani arttik¢a beyazlik derecesinin (L) azaldig1 (Tablo 5)

gozlenmistir.

Tablo 5. Dursunbey Kilinin Stoneware Biinyenin Renk Degerlerine Etkisi

Recete No L a b

Standart Recete 84,27 0,78 8,93

DBK 10 82,39 0,95 9,00
DBK 15 79,44 0,85 9,10
DBK 20 78,73 0,68 9,24

Elde edilen biinyenin 6zellikleri; kullanilacak olan diger hammaddelerin kimyasal, fiziksel
ve mineralojik ozelliklerine bagli olarak farkliliklar gosterecektir. Uretilecek camurun regete
bilesimi i¢indeki killerin plastisite oranlarina gore, Dursunbey kilinin miktarinin %20den

daha fazla oranlara ¢tkarmanin miimkiin olabilecegi diisiiniilmektedir.
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SONUC

Sanatsal ve endiistriyel seramik iiretiminde farkli malzemelerin ve tekniklerin kullanilmas:
nihai iiriine farkl 6zellikler ve degerler katmasi agisindan her zaman 6nemli bir konu ola-
rak irdelenmektedir. Bu nedenle diinyada ve Tiirkiyede seramik tiretiminde kullanilabilecek
farkli 6zelliklerdeki hammaddelerin degerlendirilmesi ile ilgili galismalar 6nemlidir. Seramik
gamuru, sir, astar ve pigmentler; sanat¢inin kendini ifade edebilmesi veya geleneksel herhangi
bir seramik tiriiniin ortaya ¢ikabilmesi i¢in kullanilan temel bilesenlerdir. Dursunbey kilinin,
herhangi bir katki malzemesine gerek olmadan kuru presleme yontemiyle sekillendirmeye
uygun ozellikler tasidig1 belirlenmistir. Kuru presleme ile tiretilen ve 1200 °C sicaklikta pisi-
rilen 6rneklerde agir1 kiigtilme ve deformasyon olugsmadig1 gorilmustiir. Sonuglar, kilin kuru
sekillendirme yontemi i¢in uygun 6zellikler tasiyan bir hammadde oldugunu gostermektedir.
Farkli metal oksit ve seramik boyalarla renklendirilen, sekillendirilen 6rneklerde olumlu
sonuglar elde edilmigtir. Dursunbey kilinin sirli-sirsiz, dig ve i¢ mekéanlarda renkli veya renksiz
kaplama malzemesi olarak rahatlikla kullanilabilecegi, ayrica yar1 yas (plastik) sekillendirme
yontemi ile iiretilen stoneware biinyelerin recete bilesimlerinde, pisirim sicakligina ve diger
hammaddelerin katki miktarina bagh olarak alternatif hammadde kapsaminda herhangi bir

soruna yol agmaksizin degerlendirilebilecegi diisiiniilmektedir.
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ABSTRACT

Ceramic products which are being used from the construction materials to the
every field of the daily life are manufactured from different ceramic raw materials.
In recent years, many researches are being done related to the usage of alternative
raw materials, which have already exist in the several parts of our country in order
to utilize in the ceramic bodies. The raw materials which have different chemical,
physical, mineralogical properties, shaping, colors and texture characteristics will
benefit economically. Turkey is a rich country from the mineral ores, rocks and
especially clay deposits that are available for using in the artistic produces. In this
study, Utilization of Dursunbey region clay has been searched in the production of
the bodies which can be formed by dry pressing and plastic shaping methods.

Keywords: Dursunbey region clay, Dry pressing, Stoneware body
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INTRODUCTION

Raw materials for ceramic products have to be proper for definite standards. Working with
raw materials of which properties do not change all the time is a prerequisite for industrial
production. However, the fact that there can be any kind of change in terms of material cha-
racteristics in the raw materials which are obtained directly from nature always exists. Apart
from industrial production, in artistic productions and individual works this variability in raw
materials may not be much problem, though. The chemical and physical differences in the raw
material (the amount of alkali oxide, silisium oxide, aluminum oxide and other oxides in raw
material, firing colour, appropriateness for forming techniques) may provide visual richness and

difference in the products in terms of clay, glaze and engobe.

The most present and the easiest found material on the earth is ‘clay; it is on everywhere.
Plasticity, the most important property of clay, has provided the understanding of the potential
of this material which is a key to the pottery (Rado, 1988, p.1-5). Clay minerals is the most
important group both technologically and in terms of amount in the necessary materials for
ceramic. The first ceramic factories were established in the places close to clay resources for
this reason. People benefit from clay so fast that today unnamed fine-grained source come out
as a new resource and named when its usability is understood somehow. As long as there is
development in construction sector and in the industry and art fields where ceramic products
are used, the importance of ceramic clay will continue and clays will be still the most important
raw material in every era in which ceramic sector exists (DPT, 1995, 5.53, Onem, 2000, p. 19-33).

Stoneware is the general name applied to most wares fired between 11500C and 1300 0C,
with the exceptions of the bone china and porcelain. Stoneware is so named because of its re-
semblance to the qualities of stone. Properly fired, it is hard, durable and almost impervious
to liquids, has high resistance to thermal shock, and develops very close bonds with its glaze
(Hopper, 1984, p.25). Body colors differentiate from light ivory and yellowish beige to dark red
and brown when it is fired in medium and high temperatures. The general outlook of the pro-
ducts fired in reduction atmosphere is beautiful. The colour is rich and lively, and visual image
is highly active. Many ceramists add elements such as manganese and ilmenite to the stoneware
bodies that will be fired in oxidation atmosphere in order to improve their outlook. But these
look like the bad copies of the bodies fired in reduction atmosphere. In general, the bodies fired
in oxidation atmosphere are richer in clay than those fired in reduction atmosphere (Zakin,
1990, 5.20-21). In this research, the clay taken from Balikesir-Dursunbey region can be used in
the bodies which can be formed by dry pressing and plastic shaping methods as a component

were investigated.

EXPERIMENTAL

The samples taken from Balikesir- Dursunbey region was subjected to pre crush- fragmenta-
tion and size reduction by jaw crusher. It was became proper for use by filtering and drying pro-
cesses after wet milling in ball mills with 30kg dry raw material capacity. The chemical analysis

of the clay sample detected by X-ray fluoresan (XRF) is given in Table 1.



Table 1. The Chemical Analysis of Dursunbey Clay (by weight %)

Raw material SiOZlAlZO3| Fe203| Na20| K20 | CaO | MgO I TiO* | *L.I.

77,1 12,35| 1,580 | 0,523 | 2,524 | 1,214 | 1,316 | 0,80 | 3,40

*L.1.: Losses on ignition

According to the results of mineralogical analysis montmorillonite, illite and quartz are pre-
sent in Dursunbey clay. In Figure 1, the natural colour of raw material, and colour alteration
after firing at 1200 °C are seen. The clay sample is grayish white naturally, it is seen that they

become yellowish at 1200°C. Also it was observed that there is no melting in this temperature.

Natural 1200 °C
Figure 1: Natural and firing (at 1200 °C) colours of Dursunbey clay

The Use of Dursunbey Clay in Dry Pressing Technique

Dursunbey clay were sieved through 80 mesh and shaped in manuel hydraulic press machi-
ne by dry pressing technique. It has a moisture content of 6 %. The pressure of the press was 90

ton/cm2 . Pressed curbs were 252x76mm and tiles were 50x50mm in size.

In the first step, the curb were produced from Dursunbey clay without any colorant addition

(Figure 2). It was observed that the sample became a colour between cream and beige.
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L e— " —— —— - i i, 7 i ———

Figure 2: Firing color of Dursunbey clay at 1200 °C (unglazed)
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Metal oxides and ceramic pigments were used for coloring operation. Colorants at the rate
of 1%, 3% and 5% were added to Dursunbey clay (table 2). The colorful mixtures that became
homogeneous were dried, and pressed as curb with the press machine. The curbs were fired at
1200°C without glaze and tiles (5x5mm) were fired at the same temperature by glazing with the
transparent fritted glaze which was provided from Esan Ltd. Co.. The consequences are given

in the figures 3-8.

Table 2. The colorants used in the bodies and their additive rates
Colorant Additive Rate (by weight %)
CoO 1 3
MnO 1
Fe203 1
1
1
1

Blue pigment

Blue- Green pigment

5
3 5
3 5
3 5
3 5
3 5

Red pigment

%1 %3

Figure 3. Firing colors of unglazed and transparent glazed of CoO added bodies at 1200°C.

%3

Figure 4. Firing colors of unglazed and transparent glazed of MnO added bodies at 1200°C.



B - -
%1

Figure 5. Firing colors of unglazed and transparent glazed of Fe203 added bodies at 1200°C.
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GLAZED
%1 %3

Figure 6. Firing colors of unglazed and the transparent glazed of blue pigment added bodies at 1200°C.

GLAZED
%1 %3

Figure 7. Firing colors of unglazed and the transparent glazed of blue-green pigment added bodies at 1200°C.

GLAZED
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Figure 8. Firing colors of unglazed and the transparent glazed of red pigment added bodies at 1200°C

The Use of Dursunbey Clay In Stoneware Body

Dursunbey clay was used as a component of starting batches of the plastic stoneware body.
Being used in standard recipe (STD) at the rates of 10%, 15% and 20% (table 3.), dry strength,
total shrinkage, deformation and changes in color properties were examined (table 4). Raw ma-
terials were weighed according to recipe and mixed with water. These mixtures have proper-
ties suitable for wet-forming technique. The firing temperature of the samples was chosen as
1200°C.

Table 3. Composition of the standart (STD) and Dursunbey clay added recipes

Additive Rates (by weight %)

STD DB10 DB15 DB20

Feldspar 32,5 30 30 30
Clay 19,5 19,5 19,5 19,5
Kaolinl 34 34 34 34
Quartz 7,5 3,5 0 0
Kaolin2 6,5 3 1,5 0
Dursunbey Clay - 10 15 20
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Table 4. Dry strength, total shrinkage and values of the standart (STD) and Dursunbey clay added bodies

Properties STD DBI10 DB15 DB20

Dry Strength (kg/cm2) 21,18 20,32 2022 20,15

Total Shrinkage (%) 10,45 10,6 11,4 12,07
Deformation (%) 5,80 5,7 5,9 6,2

Compared to standard sample, it was determined that Dursunbey clay did not show an evi-
dent difference in dry strength. Nevertheless, there was an increase in the total shrinkage and
deformation rates of the stoneware body. Table 5 illustrates the optical parameters of fired bo-
dies. It is clearly seen that whiteness (L*)decreased with the increase of Dursunbey clay input

into bodies.

Table 5. Optical parameters of the standart and and Dursunbey clay added bodies

Recipe No L* a* b*

Standard Recipe 84,27 0,78 8,93
DBK 10 82,39 0,95 9,00
DBK 15 79,44 0,85 9,10
DBK 20 78,73 0,68 9,24

The properties of the body can be different in accordance with the chemical, physical and
mineralogical properties of other raw materials. It is thought that the rate of Dursunbey clay will
be possible to be raised to more than 20 % depending on the clay plasticity rates in the recipe

components of the mud to be produced.
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CONCLUSION

The use of different materials and techniques in artistic and industrial production has always
been discussed as a significant issue since it brings different features and values to the even-
tual product. For this reason, the studies about the evaluation of raw materials with different
features that can be used in any kind of production and that is present in Turkey and in the
world are important. Ceramic mud, glaze, engobe and pigments are of the vital materials that
are used for artistic or technical production. They are the main components used in order
that the artist can express himself/herself or any traditional product can come into being. It is
determined that Dursunbey clay has appropriate features for forming with dry pressing met-
hod without need for any additive. It is observed that the samples produced with dry pressing
method and fired at 1200 °C do not display extreme reduction and deformation. The outcomes
show that the clay is a raw material which has suitable features for dry pressing method. Posi-
tive results were obtained for the samples shaped and colored with different metal oxide and
ceramic stains. It is thought that Dursunbey clay (glazed and unglazed) can be easily used as
coating material in interior and exterior spaces and it is also thought that depending on firing
temperature and addition amounts of other materials in the recipe components, stoneware
bodies which is produced with semi-wet (plastic) forming method can be viewed within the

scope of alternative raw material with rich visual effect.

REFERENCES
RADO, Paul. (1988). An Introduction to the Technology of Potter, The Institute of Ceramics, Pergamon Press: 1-5

TC. Devlet Planlama Teskilat: Miistesarlig1, Sekizinci Bes Yillik Kalkinma Plani, “Madencilik Ozel Ihtisas Komisyonu,
Seramik-Refrakter-Cam Hammaddeleri Calisma Grubu Raporu”, DPT:2418-OIK:477: 53, Ankara

ONEM, Y.(2000) Sanayi Madenleri, Kozan Ofset Mat. San. ve Tic. Ltd. Sti.: 19-33, Ankara,
HOPPER, R. (1984) The Ceramic Spectrum, Chilton Book Company, Rednor, Pennsylvania:25
ZAKIN, R. (1990) Ceramics Mastering the Craft, Chilton Book Company, Rednor, Pennsylvania: 20-21



