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OZET

Kalesinterflex®, 1 m x 3 m ebadinda, 3 mm
kalinliginda, dogal hammaddeler kullanilarak kendi
Ozel teknolojisiyle Uretilen, ince ve esnek porselen
levha olarak tanimlanabilir. Uretim prosesi ve

Ustln fiziksel/mekaniksel 6zellikleri bakimindan
geleneksel seramik karo konseptine gore farkhliklar
gostermektedir. Bu teknolojik calismanin amaci en
iyi rlin 6zelliklerini elde edebilmek icin gelistirilen
binyelerin analiz ve karakterizasyonlarinin
yapilmasidir. Bu calismada {rln 6zelliklerinin sadece
blinye formilasyonuna ve olusan reaksiyonlara
degil, ayni zamanda ¢camurun 6zelliklerine, graniil
karakteristiklerine ve proses sartlarina da bagh
oldugu belirlenmistir. Piskirtmeli kurutucu ile elde
edilen granillerin tane boyut dagilimi ve rutubetinin
onemi presleme ve son Urlnin 6zelliklerine etkisi
acisindan aciklanmistir. Ogiitme siireci sartlarinin
Grlinin fiziksel 6zelliklerine ve faz olusumuna etkisi,
optik dilatometre esligindeki x 1sinlari kirinim (XRD)
ve taramali elektron mikroskobu (SEM) analizleri ile
aciklanmistir.

Anahtar Kelimeler: Porselen karo, Uretim Siirecleri,
Karakterizasyon, Kalesinterflex®.

1. GIiRiS

Porselen karolar Gstin 6zellikleri sayesinde yapi
sektoriinde yaygin olarak kullanilan Griinlerdir. Bu
yuzden porselen karolar mekanik, fonksiyonellik ve
estetik goriiniim gibi 6zellikler bakimindan kullanim
kosullarinin gerekliliklerini yerine getirmelidirler.
Porselen karolarin kullanim alanlarinin bu denli
genis olmasi, bina yuklerinin azaltilmasi gibi
faydalari da beraberinde getirdiginden yeni
teknolojilerin gelistiriimesini saglamaktadirt'- 2,

Ylzeylerin goriinis ve diger 6zelliklerini iyilestirmek
adina piyasada ahsap, plastik, metal gibi pek ¢ok
lamine edilmis Grlin bulunmaktadir. Bu malzemelerin
lekelere, kimyasallara, asit ve alkalilere, atese, glines
1Isigina dayanikli olmasi s6z konusu oldugunda
seramiklerin kullanilmasi en iyi alternatif gibi
goriinmektedir. Kalesinterflex®in gelistirilmesi de bu
Ozellikleri saglayan biiyik ebath ve ¢ok ince seramik

ABSTRACT

Kalesinterflex® is called as a thin and flexible
porcelain slab which has 3 mm thickness and

size of 1 m x 3 m, manufactured by its specialized
technology using natural raw materials. It is a
unique product which is different from traditional
ceramic tile concept because of its manufacturing
process and superior physical/mechanical
properties. The aim of this technological study

is to analyze and characterize the developed
bodies to find out the right process condition in
order to obtain the best final product in terms of
technological characteristics. It has been given
that the characteristics of the final product depend
not only on the body formulation and particular
reactions that occur, but also on the milling
conditions of the batches and the characteristics of
spray dried granules and process conditions. The
importance of the particle size distribution and the
humidity of the spray dried granules have been
described regarding the homogeneity, compaction
and final product properties. The effect of milling
condition on the physical properties and phase
reaction has been given by XRD and SEM analysis
with the guidence of optical dilatometer.

Keywords: Porcelain tile, Production processes,
Characterization, Kalesinterflex®

1. INTRODUCTION

Porcelain tiles are widely used in building industry
due to their excellent properties. For this reason,
these products have to overcome the service
conditions in terms of mechanical, functional

and aesthetical view properties. The widespread
usage of these products causes new technological
development necessities as reducing the weight of
the buildings™2.

In order to improve the appearance and other
characteristics of the surfaces, many laminated
materials especially wood, metal, plastic are widely
used in industry. To improve the properties of such




plaka uretebilme istegiyle dogmustur. Porselen

karo kalitesinin secilmesinin nedeni de yiiksek
mukavemet, yogunluk ve elastisite modiili ile
mevcut ve genis kapsamli dekorasyon imkanlaridirts,

Amac en biyiik ebatli ve en ince seramik malzemeyi
Uretebilmek oldugundan bdyle bir tirlini geleneksel
porselen karo Gretim teknolojileri ile Gretebilmek
oldukga zordur. Bu ylizden, 1000x3000x3 mm
ebatlarindaki Kalesinterflex®'in tGretimine donuk
Ozel teknikler gelistirilmistir. Prosesin en zor yonu
genis ylizey alanina ylksek presleme basincinin
uygulanabilmesidir. 3m? alana 400 bar basing
uygulayabilmek icin malzemeye 12000 tonluk

net basin¢ uygulanmalidir. Bu islem icin 15000

ton gliclindeki “compatter” ismindeki sistem
kullanilmaktadir. Sistem, presleme sonrasi
genlesmeden kaynaklanan catlaklar olusmamasi igin
herhangi bir kalip kullanmamaktadir ve tasarimin
anahtari besleme sistemidir. Graniiller, tasiyici bant
ile beslenmektedir ve bu bant ile birlikte Gst kismi
sabit, alt kismi hareketli olan prese girmektedir.
Basta presleme olmak (izere bir¢cok agidan farkhliklar
gosteren Uretim slreclerinde yasanan problemler
neticesinde dogru sartlari bulabilmek adina
teknolojik calisma yapilmasi geregi duyulmustur.

2. DENEYSEL YONTEM

2.1. Malzemeler

Deneyler boyunca bircok kompozisyon
gelistiriimesine ragmen bu ¢calismada karsilastirmak
Uzere Tablo 1'de kimyasal analizleri verilen iki
kompozisyon secilmistir. Bunlardan biri standart
(STD) kompozisyon, digeri de tiiretilen son
kompozisyondur (A).

materials like resistance to stains, chemicals, acids,
alkalis, fire, sunlight; heat and sound insulation,
using ceramics appeared to be the best alternative.
The development was based on the desire for a
large sized ceramic slab with a very low thickness
and outstanding technical values. The porcelain tile
quality was selected by virtue of its outstanding
bending strength, high modulus of elasticity,

good densification and the unlimited scope for
decoration with readily available products®.

Because the objective is to produce the thinnest
and largest sized material, the production of
porcelain tile with the traditional methods

seemed to be very difficult. Therefore, the product
Kalesinterflex®, which is a thin and flexible porcelain
slab with dimensions of 1000x3000x3mm, has to
be manufactured by its specialized technology.
The most difficult aspect is to apply the extremely
high pressing force over the large surface area in
which to generate the specific pressure of 400 bars
for pressing 3 m?, net pressure of 12000 tons must
be applied to the material. For this reason, the
“compatter” with a nominal force of 15000 tons is
used for pressing. The system does not use a mould
in order to avoid sudden pressing expansion in the
body after removing from the mould and the key
of the design is the filling system. The powder is
fed by a belt conveyor, on which it is compacted
with the lower plate against the upper rigid plate.
But some problems are encountered during

this manufacturing process. The necessity of a
technological study to overcome these problems
is required in order to find out the right process
conditions.

Kompozisyon /Composition  SiO,  ALO, Fe,O, TiO, CaO MgO Na,0O KO A.K.
STD 71,0 18,0 0,6 0,6 04 0,2 4,5 1,2 35
A 67,0 21,5 0,5 0,6 03 0,2 4,0 2,0 39

Tablo 1. STD ve A kompozisyonlerinin kimyasal analizleri
Table 1. Chemical compositions of STD and A

Bu kompozisyonlar kil, kaolen, kuvars, sodyum

ve potasyum feldispat karisimlarindan formiile
edilerek endustriyel sartlarda granul haline
getirilmislerdir. iki kompozisyon arasindaki en
onemli fark feldispat oranlarindaki degisiklige
bagli olan alkali miktarlarindan kaynaklanmaktadir.
Sodyum feldispat ve kaolen miktarlari azaltilarak
potasyum feldispat orani artirilmistir. Feldispatlar
gibi ergitici malzemeler s6z konusu oldugunda
camsl fazin olusma sicakhdi ve olusan fazin
viskozitesi gibi parametreler secim yapmada 6nemli
rol oynamaktadir. Sodyum feldispatlar diisiik
ergime sicakhdina ayni zamanda diisik camsi

faz viskozitesine sahipken, potasyum feldispatlar
yluksek viskozitede daha kivamli olduklarindan
sinterleme sirasinda yapisma ve deformasyonu
onleyici etkileri vardir™. Kalesinterflex® tiriint de
kritik boyutlarda bir tGriin oldugu icin deformasyon
oldukca 6nemli bir parametre haline gelmektedir.

2. EXPERIMENTAL METHODS

2.1. Materials

Many compositions were studied during these
experiments but two types of compositions, whose
chemical analyses are given in Table 1, are selected
to be discussed during this article. The standart
body called as STD and derived one as composition
A.

These compositions are typically industrial spray
dried powders, formulated from a mixture of clay,
kaolin, quartz, sodium and potassium feldspar.
The main difference between two compositions

is the alkali content caused by the difference of
feldspar ratio. Potassium feldspar ratio is increased
by decreasing the sodium feldspar and kaolin
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Uriiniin kolay kesilebilme &zelligi de 6nemli
parametrelerden biridir. 1x3 m? ebadinda Gretimi
yapilan plakalarin musterilerin isteklerine gére cam
kesme makineleriyle farkli ebatlara kesilebilmeleri
s6z konusudur. Potasyum oksidin, camsi fazi
kontrol ederek kirllganhga karsi iyi sonuglar verdigi
ve Urine kolay kesilebilme 6zelligi kazandirdigi
dusiintlmektedir. Ayrica, yapilan ¢alismalarda
0gutme prosesinin son Urline etkilerini gérmek icin
her kompozisyon 63 um lzerinde diisuk kabakum
(~% 0,2) ve yiiksek kabakum (~% 0,5) degerleri ile

content. In speaking of fluxing materials, mainly
feldspars, understanding of their mineralogical
nature is once again important as the formation
temperature of the vitreous phase and the viscosity
of the formed glass correlate closely with the type
of feldspar: sodium feldspars have low melting
points and low molten material viscosity too, while
potassium feldspars have high viscosity, which

can help in the event of deformation and sticking
problems during firing. The product Kalesinterflex®

calisiimistir, has very critical dimensions (i.e.1000x3000x3mm.)
so, the deformation should be eliminated.
2.2. Deneyler Potassium feldspar is believed to reduce fired

deformation because of it's higher viscosities at
high temperatures compared to sodium feldspar'.
Cutting behaviour is also an important parameter of
the products since the ceramic slabs manufactured
in 1000x3000x3mm dimensions need to be cut with
glass cutting machines into customer’s ambition.
K,O is believed to enhance this behaviour with
balancing the glassy phase content in terms of

Kalesinterflex® Gretiminde, tane ve graniil boyut
dagilimi, granil akis karakteristikleri, catlak olusumu
ve ilerlemesi gibi bazi siire¢ parametreleri &nem
kazanmaktadir. Dolayisiyla, camur hazirlama,
granullestirme, presleme ve sinterleme proseslerine
bazi modifikasyonlar yapilarak geleneksel porselen
karo Uretiminden biraz farklilasmasi gerekmektedir.
Ornegin, Griiniin “compatter” teknolojisi ile yapisma
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olmadan preslenebilmesi icin geleneksel olarak %
5,5-6,5 olan granil rutubeti % 3,5-4,5 araliginda
olmasi anlasiimistir. Diger taraftan sinterleme igin
baslarda dogal gaz ile denemeler yapilmasina
ragmen, firin icerisinde homojen olmayan isi
transferi neticesinde deformasyon problemi ile

karsilasildigindan elektrikli firin kullaniimasina karar

verilmistir.

Her proses adimindan ¢ikan riine asagidaki
analizler uygulanmistir:

+ Tane boyut dagilimi analizleri Mastersizer
cihaziile 0,01 um-1000 um araliginda
gergeklestirilmistir ayrica, grandllerin boyut
dagilimiigin kuru elek analizi yapilmistir.

+  Presleme islemi 350 bar basing¢ta % 3,5-4,5
granil rutubeti araliginda gerceklestirilmistir.

- Sinterleme 1210, 1215, 1220, 1225 ve 1230°C
maksimum ortam sicakliklarinda baslangig
ve bitis olmak lizere 45-60 dakika araliginda

endustriyel elektrikli firinda gerceklestirilmistir.

+ Sinterleme sicakhklari, Misura 3.32-ODHT-HSM
1600/80 optik dilatometre ile 50°C/dk I1sitma
hizinda tespit edilmistir.

+  Suemme testi ISO 10545-3 standardina uygun
olarak yapilmistir.

+  Mukavemet degerleri ISO 10545-4 standardina
uygun olarak ti¢ noktali egme testi ile
gerceklestirilmistir.

- Urtinlerin mineralojik yapilari hakkinda bilgi

sahibi olmak icin Panalytical(Philips) X'pert PRO

MPD cihazi ile XRD analizleri yapilmistir.
«  Mikroyapilari incelemek icin parlatiimis

ylzeylerden ZEISS SUPRA 5VP taramali elektron

mikroskobu ile goriinti alinmistir.

3. BULGULAR VE DEGERLENDIRME
Kalesinterflex® Gretim teknolojisinde tane boyut
dagiliminin prosesi etkileyen en 6nemli faktor
oldugu, ylzey alani arttiginda sinterlemenin

brittleness. Finally, these compositions are prepared
in two subclasses, low residue (~ 0.2 %) and high
residue (~ 0.5 %) on 63 um sieve, on their own in
order to understand the effect of milling condition
on the properties of final products.

2.2. Experiments

Kalesinterflex® production underlines some special
process parameters like particle size distribution,
humidity, flow characteristics, crack initiation

and propagation. This needs some modifications
to the process steps of raw material batching,
spray drying, pressing and firing which differs

from traditional porcelain tile manufacturing. For
example, to overcome the stacking problem during
compaction with the “Compatter” technology, it
was understood that the granule humidity should
be kept between 3,5 - 4,5%, where traditionally
this value is around 5,5 - 6,5%. In early stages of the
firing operation natural gas was used but, because
of the large sized product and the inhomogeneity
heat transfer inside the kiln caused by the burners,
contributed deformation. So, electrical kiln was
decided to be used to overcome this problem.

The following tests are performed to the products
of each processing step;

Particle size analyses were made with Malvern
Instruments (Mastersizer) in the range of 0.01
and 1000 um to supply complete information
on the particle-size distribution of the particles.
Additionally dry sieving is used with the aim to
find out the different particle-size distribution
ranges of the granules.

The pressing operation was carried out using
Compatter press with 350 bars. To overcome
the stacking problem of the powder to the
belts, powder moisture was kept between
3,5-4,5%.




daha etkili oldugu, disiik kabakum ile ¢alisilan
kompozisyonlardan anlasiimistir.

Graniillerin etkili ve homojen bir sekilde

banda akabilmeleri icin grantllerin tane boyut
dagilimlarinin ve morfolojilerinin siirekli olarak
kontrol altinda tutulmasi gerekmektedir. Grandil
akisini kontrol eden parametreler arasinda grandil
tane boyut dagilimi, 6zgul agirlik, grandl sekli
saylilabilir. Bunlarin yaninda akisi etkileyen en 6nemli
faktorlerden birinin de granil rutubeti oldugu Tablo
2'de gorilebilir.

The firing operation was carried out in
industrial, electrical, continuous, fast firing,
single-layer kiln at maximum ambient
temperatures of 1210, 1215, 1220, 1225 and
1230°C. The firing cycle was kept between 45-60
minutes cold to cold.

Maximum sintering temperatures of the
compositions are determined by the help

of Misura 3.32-ODHT-HSM 1600/80 Optical
Dilatometer. Here, the heating rate was 50°C/
min which is almost typical with traditional

kilns.
Graniil rutubeti (%) / Powder moisture (%) 3,5 5,0 6,0
Hacimce akigkanlik (cm?3/sn) / Fluidity relative to volume (cm3/sec.) 16,4 15,5 14,8
Kitlece akiskanlhk (g/sn) / Fluidity relative to mass (g/cmq) 17,1 16,6 15,3
GOrundr yogunluk (g/cm?) / Apparent density (g/cm?) 1,06 1,04 1,03

Tablo 2. Farkli rutubetteki graniillerin akiskanhk degerleri
Table 2. Flowability values for spray dried powders of different residual moisture content

Tablo 3, Tablo 4 ve Sekil 1'de mastersizer ile elde
edilen tane boyut dagilimlari ve grandllerin kuru
elek analizleri goriilmektedir. (D: Tane Boyutu,
STD: standart bilesim, A: A kompozisyonu) Yapilan
cahismalarda farkli tane ve granil boyut dagilimina
sahip Urinlerin farkli preslenebilme ve pisme
kiicilmesi degerlerine sahip olduklari gérilmustir
(Tablo 5).

Granul dagihm egrileri diger geleneksel seramiklerde
oldugu gibi tipik iki pikli karakterdedir ancak istenen
besleme etkinligi ve presleme icin graniillerin
¢ogunun 125 ile 300 um araliginda olmasi dnem

arz etmektedir. Puskirtmeli kurutucuda elde edilen
graniller icinde “ortalama” biyukliikte olanlarin
“buylk” veya “ince” tanelilere oranla daha iyi akis
ozellikleri gosterdikleri anlagiimistir.

Ayni kabakum degerindeki farkli kompozisyonlarin
sinterleme sicakliklari hakkinda bilgi sahibi olmak
icin Sekil 2'de goriilen optik dilatometre analizi

STD A
D(v,0.1) pm 1,1 13

D(v,0.5)pum 6,9 7,7

D(v,0.9) um 321 35,0

Tablo 3. Mastersizer ile elde edilen tane boyut dagilimi analizi
v 3. Particle size distribution data obtained from Mastersizer.

STD A
600 pm 0,8 0,5
425 pm 13,9 49
300 um 36,7 27,6
250 pm 16,3 23,2
125 pm 283 35,2
75 pm 2,5 4,6
75 pum alti 13 33

Tablo 4. Graniillerin kuru elek analizi sonuclari
Table 4. Particle size distribution data obtained from dry sieving

Water absorption values are determined
according to ISO 10545-3.

The modulus of rupture was determined by
three point bending test according to the ISO
10545-4 standard.

XRD analysis was performed with
Panalytical(Philips) X'Pert PRO MPD X-Ray
Diffractometer in order to have knowledge
about mineralogical composition of the
products.

The microstructure was characterised on
polished surfaces by ZEISS SUPRA 5VP Scanning
Electron Microscopy.

3. RESULTS AND DISCUSSION

In this specialized technology it was found that
the key factor of the process was the particle size
distribution. In this regard, it is seen from the low
residue ones that results are greatly influenced by
the contact surface area of the particles.

To obtain the granules with good flow
characteristics, homogeneity and regularity

of filling the belt, particle size distribution and
morphologies of the spray drier powder has to be
kept under control. Conceptually, measurement of
powder flowability involves various factors such
as particle size distribution, specific weight, shape,
mutual adhesions and degree of packing. It has
been observed that the most important factor
influencing powder flowability is the moisture
content of spray dried powder (Table 2).

In regard to the control of the particle size
distribution of the spray dried granules, it is found
that slabs of the same type made by powder with
different particle size distribution, present different
compaction and linear shrinkage. The particle size
distribution results of the granules obtained from
Mastersizer and dry sieving are listed below.
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Sekil 1. Graniillerin tane boyut dagilim egrileri
Fig.1. Spray dried powder distribution curve

yapilmistir. Burada, sinterleme baslangi¢ noktalari
ayni olmasina ragmen ayni siire ve sicaklikta

A kompozisyonunun sinterleme sonrasi daha

yogun yapliya sahip oldugu gorilebilir. Tablo

6’da, maksimum sicaklikta (1230°C) 10 dakikalik
bekleme sonrasinda A kompozisyonunun, en yiiksek
sinterlenme kiglilmesinden dolayi teorik olarak

sifir su emme degerine ulastigi gorilmektedir. Bu
nedenle, secilen maksimum sicaklik degerlerinde
Uretim denemeleri yapilmasina karar verilmistir.

Om'/

a 100 200 300 00 500 600

The particle size distribution curve shows typical
two peak character as in the traditional ones but
important parameter here is to keep most of the
particles between 125 and 300 um in order to
get the desired filling and compaction by the

“Compatter” technology. Because it was understood

that a mix consisting of a preponderance of
“medium” particles flow better than other mixes
classified as “coarse” or “fine”.

In the name of having information about the

A
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Sekil 2. Kompozisyonlarin optik dilatometre analizleri
Fig.2. Optical dilatometer result of compositions

Sinterleme Sicaklgr STD (diisiik kabakum) STD (yiiksek kabakum) A (diisiik kabakum) A (yiiksek kabakum)
Firing Temperature STD (low residue) STD (high residue) A (low residue) A (high residue)
1210°C 9,13 878 8,98 8,80
1215°C 922 8,86 9,24 8,98
1220°C 922 892 9,31 9,02
1225°C 9,28 9,01 9,37 9,07
1230°C 9,35 9,05 941 9,13
Tablo 5. Kompozisyonlarin farkli sicakliklardaki pisme kiigiilmeleri (%)
Table 5. Shrinkage values of the bodies fired at different temperatures expressed as percentage
Sinterleme Sicakligi STD (diistik kabakum) STD (yiiksek kabakum) A (diisiik kabakum) A (yiiksek kabakum)
Firing Temperature STD (low residue) STD (high residue) A (low residue) A (high residue)
1210 °C 0,37 0,51 0,37 0,45
1215°C 0,25 0,31 0,19 0,33
1220°C 0,15 0,19 0,13 0,17
1225°C 0,09 0,11 0,04 0,07
1230°C 0,05 0,09 0,00 0,03

Tablo 6. Kompozisyonlarin farkli sicakliklardaki su emme degerleri (%)

Table 6. Water absorption values of the bodies fired at different temperatures expressed as percentage

Tablo 5 ve 6'da gorildiga gibi maksimum pisme
kiicilmesi ve minimum su emme degerleri, iki
kompozisyonun diisiik kabakum ile ¢alisilanlarinda
elde edilmistir. Bu durum da 6glitmenin sadece

sintering temperatures of the compositions of
the same residue, optical dilatometer was used.
Here, although starting point of sintering was

common for two compositions, we can see the
higher degree of densification of compositon
A at the same temperature. It can be observed




STD(y.k.") STD(h.r) STD(d.k.) STD(r") Alvk’)  A(hr) Aldk’)  Adr)

1225 1215 1220 1225 1220 1225 1215 1220 1225 1230
s quartz 25 255 24 23 23 22 22 21 20 195
am Glass 63 61 62 63 62 63,5 63 64 655 66
Wil Mullite 8 8,5 10 11 11 11,5 11 12 125 125
Albit Albite 2,5 3,5 3 2 2,5 2 2,5 1,5 1 1
isobalitGistabalit 1 1 05 05 1 0,5 1 1 05 05

(v.k."): yiiksek kabakum (high coarse sand), (d.k.”): diisiik kabakum (low coarse sand)
(h.r”): high residue, (Lr.): low residue

Tablo 7. Sinterlenmis biinyelerin mineralojik kompozisyonlari
Table 7. Mineralogical compositions of the fired bodies.

baslangi¢ prosesi olmadigini, istenilen 6zellikleri
elde etmek adina 6nemli bir parametre oldugunu
ve artan ylizey alaniyla diflizyon reaksiyonlarinin
da hizli gerceklestigini gostermektedir. Tablo 7'de
yorum yapilmak lzere secilen kompozisyonlarin
mineralojik analizleri ve kitle bazinda kantitatif
yuzdeleri gériilmektedir (Rietweld yontemiyle
hesaplanmistir). Hammaddeler arasindaki
reaksiyonlari anlayabilmek, ylksek sicaklikta
yalniz baslarina ve karsilikh etkilesimleri hakkinda
bilgi sahibi olmayi gerektirmektedir®. Geleneksel
porselen karolarin mikroyapilari ¢cok ince taneli
matris icine gomiili, yiksek saflikta silika cami

ile cevrelenmis iri kuvars ve miillit tanelerinden
olusmaktadir’®. Mdllit miktar ve sekli, sicaklik ve
kompozisyonun bir islevi olarak, icinde ¢okelip
blytdikleri camsi fazin akiskanhgi ile kontrol
edilmektedir®. Millit fazinin miktari ve gelisimi
sinterleme mekanizmasini etkilemektedir ancak,
mullit olusumu hammadde tipiyle de ilgilidir”.

Muillit miktari, porselen karolarda baslangi¢
hammaddelerinin 6zellikleri, hizli pisirim ¢evrimleri
ve porselen karolardaki disiik sinterleme sicakligi
ylzinden, genel olarak % 8 gibi dusiik bir degere
sahiptir®, Tablo 7'de gorildiigl gibi % 12 civarinda
miillit orani elde edilmesinin nedeni olarak

normal porselen karo Gretiminden daha yliksek
sinterleme sicakligi uygulanmasi gosterilebilir.
Kompozisyonlarin kendi aralarindaki mllit
miktarlarinin farkli olmasinin nedeni olarak da
kimyasal kompozisyonlarinin farkli olmasi ve A
kompozisyonundaki daha yiksek AlLO, miktari
gosterilebilir. Millit orani, her farkli harman igin,
sinterleme sicakliginin artmasiyla disiik de olsa
artis gostermektedir. Bu durum Al ve Siiyonlarinin
diflizyon hizinin artmasina baghidir.

Tdm numunelerdeki kristobalit kalintilari dikkat
¢ekmektedir. Bunun nedeni olarak ¢ok kisa

slre de olsa isletme sartlarinda kiictk lokal
tridimitakristobalit donilsimlerin olmasi ve yeterli
yavaslikta soguma sireci gerceklesmediginden
kristobalit olustugu gosterilebilir. Bu noktadan
hareketle tim kompozisyonlar icin baslangig
hammaddelerinin ayni karakteristikte oldugu
disunilince kuvarsin camsi faz icinde ¢ézlinmesinin
maksimum sinterleme sicakhdi stirecinde olustugu
sonucuna varilmistir. Pismis bir blinyedeki ana kristal
faz olan kuvars % 30 civarinda bulunabilir, [8] ancak
bu calismada bu deger % 20 olarak bulunmustur.

that after ten minutes of holding time at maximum
temperature, because of maximum shrinkage,
composition A reaches theoretical 0% water
absorption value. For this reason, it was decided

to examine industrial production trials at these
maximum temperatures.

As seen from the Tables 5 and 6, maximum
shrinkage and minimum water absorption

values are obtained from low residue ones of the
compositions A and STD. Hence grinding is not
just a simple, preliminary affair. It is a complex
process that aims to produce a material of a
desired average particle diameter and particle

size distribution appropriate for a specific final
product. Table 7 indicates the mineralogical
compositions and quantitative analyses (calculated
with Rietweld method) of the fired bodies selected
for discussion and comments. The understanding
of raw material attitude requires knowledge of

the mineral behaviour individually and also their
mutual interactions at high temperatures®. The
general microstructural features of commercial
porcelains are coarse quartz grains surrounded by
solution rims of almost pure silica glass embedded
in @ much finer matrix system and mullite'®, The size
and shape of mullite is controlled by the fluidity

of the liquid matrix that they precipitate and

grow, which itself is a function of temperature and
composition®., The quantity and development of
mullite phase influence the sintering mechanisms,
but mullite formation depends on the raw material
type and is modified by the firing process”.

Although mullite is typically found in low quantities
(up to ~8 %) because of the starting composition
characteristics, fast firing cycle and low firing
temperature used in porcelain tile manufacture®,
we obtained values around 12 % when the high
firing temperature was taken into consideration.
The reasons of different mullite content between
the compositions are the different chemical
compositions and higher amount of ALO, in
composition A. It can be observed that, mullite
content slightly increases when maximum sintering
temperature increases which can be explained as
the increase of diffusion rate of Al and Si ions.
Traces of cristobalite were found in the samples
which are thought to be caused from small and
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(a)

STD kompozisyona karsi A kompozisyonunun ve
diisiik kabakum ile calisilan kompozisyonlarda
go6zlenen faz olusumlari temelde elde edilmek
istenen sonuclarl 6zetlemektedir. Baslangig
receteleri degistirilerek sistemde kalan kuvars ve

reaksiyona girmeyen albit orani azaltilmis olup, cam

faz ve millit miktari iyilestirilmistir. Ayrica, disik
kabakum ile calisilan kompozisyonler istenilen
Ozellikler bakimindan daha iyi sonuglar vermistir.

Sekil 3.a-b'de goriilen SEM goriintileri, A
kompozisyonu ile calisildiginda optik dilatometre,

XRD ve diger fiziksel analizleri dogrular niteliktedir.
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Sekil 3 a-b. STD ve A kompozisyonlarinin ayni biiyiitmedeki SEM gdriintiileri

Fig.3 a-b. Microstructures of the compositions obtained by SEM at the same magnitude

Burada ayni sartlarda hazirlanan kompozisyonlarin
mikroyapisal farkhliklari agik¢a goriilebilmektedir.
Sekil 3b'de daha az bosluklu ve daha saydam bir

ylizey elde edilmis olup sinterlemenin yogunlastirici

etkisi fark edilmektedir.

Uretim kosullarini dogrulamak ve malzemelerin
ne kadar yiik tasiyabildiklerini gérmek adina Tablo
8'de kirillma mukavemetleri verilmistir. Burada
disiik kabakum ile calisilan numunelerde daha

iyi sinterlenmeden kaynaklanan daha yliksek
mukavemet degerleri elde edilmistir.

Malzemelerin 6zellikle elastisite modiili gibi

mukavemet parametreleri ylik tasima, deformasyon,

sallanim 6zellikleri bakimindan bina yapiminda
oldukc¢a 6nemli parametrelerdir. Yukarida
belirtilen ylkler s6z konusu oldugunda, diger tim
parametreler esit kabul edilirse diisuik elastisite
modiiliine sahip malzemeler yiik altinda deforme
olacagindan malzeme secimi yapilirken dikkat

edilmesi gereken 6nemli bir 6zellik haline gelecektir.

Kalesinterflex® Grlintniin ozellikle dis cephe
kaplamasi olarak kullanilmasi gibi bazi

local tridymiteacristobalite transformations which
remains because of fast cooling. So, because the
starting particle size of raw materials was constant
in every composition, the rate of dissolution

of quartz into the glassy phase was influenced

by maximum sintering temperature. The major
crystalline phase is quartz, which can amount up to
30 % in the fired body™ but, values around 20 % are
achieved in this study.
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The phase evolution of composition A versus

STD and low-high residues of each composition
basically summarizes what we tried to do. As seen
in Table 7, by changing the starting raw material
batch, residual quartz and unreacted albite amount
were decreased, glassy phase and mullite quantity
were enhanced. Also in subclasses, low residual
ones of compositions had better desired properties.

Figure 3a-b confirms the optical dilatometer and
other test results like XRD and physical tests about
enhancing the properties when composition

Ais used. Here, we can see the microstructural
difference between the compositions prepared at
the same conditions in terms of compaction and
closed porosity. In Figure 3b, more clear with less
porosity microstructure is achieved.

Modulus of rupture is carried out to determine the
correctness of the production process in relation to
the desired degree of compactness and consistency
and to determine whether or not the material is
capable of supporting the static and dynamic loads.
Itis seen that low residue ones of the compositions
have higher strength (Table 8) due to better
densification.

Sinterleme Sicakhgi STD (diisiik kabakum) STD (yiiksek kabakum) A (diisiik kabakum) A (yiiksek kabakum)

Firing Temperature STD (low residue) STD (high residue) A (low residue) A (high residue)
1210°C 44,2 434 45,2 44,6
1215°C 47,7 46,2 48,5 46,8
1220°C 48,6 471 51,4 48,5
1225°C 51,3 49,3 55,2 524
1230°C 53,2 50,4 59,5 55,7

Tablo 8. Numunelerin ortalama kirlma mukavemetleri (MPa)

Table 8. The average modulus of rupture values of the specimens in MPa.



uygulamalarda cam elyaf ile gii¢lendirilerek
kompozit malzeme haline getirilmesi s6z konusudur.
Farkli cam elyaf tiirleri ve epoksi, polyester gibi
yapistiricilarla yapilan bu ¢alismalarda mukavemet,
elastiklik, carpma dayanimi gibi alanlarda kayda
deger sonuclar elde edilmis olup bu ¢alismalarla
ilgili detayh bilgi gelecekteki bildiri ve yayinlarda
verilecektir. Konuyla ilgili ilave fotolar Ek’te
verilmektedir.

Ek Kalesinterflex iiretim siireci ile ilgili fotograf / Attachment Kalesinterflex production process

4.SONUC

Yapilan deneyler recetede K,O miktarinin artmasiyla
ilgili teorik bilgilerin hayata gecirilmesini saglamistir.
Bu sayede daha genis ve glivenli sinterleme araligi
elde edilerek catlaksiz ve deformasyonsuz seramik
plakalar uretilebilmistir.

Grandullerin etkili akisi ve homojen bir presleme

icin hammaddelerin 6giitilmesi, granillerin boyut
dagilimi ve rutubeti gibi parametrelerin siirekli
kontrol altinda tutulmasi gerekliligi gortlmustdr.

A kompozisyonunun 1230 °C'ye kadar sorunsuz

bir sekilde sinterlenebildigi ve bu trlinlerin

kolayca kesilebildigi yapilan calismalar neticesinde
saptanmigstir. Bu kompozisyon icin endstriyel olarak
1225 °C'de sinterlenmenin uygun olacagina karar
verilmistir.

Teknik Diizeltme: Prof. Dr. Z. Engin Erkmen
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The mechanical
characteristics of
the products, and
in particular the

modulus of elasticity
of the constituent

materials, are
important because
they determine the

behaviour of the
structure under

real load bearing
conditions, taking
into consideration
the possibility of deformations caused, for
example, by vibrations or applied loads. When all
other conditions are equal, the material which is
characterized by the lowest values of modulus of
elasticity tend to undergo deformations due to the
types of stress previously mentioned and this must
be taken into consideration during the selection of
the different materials.

The product Kalesinterflex® is thought to be used as
a composite material by reinforcing with glass fiber
in some applications. Different types of glass fibers
and adhesives like epoxy and polyester are being
tried and satisfactory results are obtained about
strength, elasticity and impact resistance. Detailed
information about these composite studies will

be given in coming papers. Additional photos are
given in the attachment.

4. CONCLUSION

These experiments supported the theoretical
knowledge that with increasing K,O percentage in
the recipe, we obtained larger firing interval with
reliable and safer firing conditions, which allows
the easy management and modification of firing
curve without causing any crack and deformation
problem in the ceramic slabs.

Milling condition of the raw materials, particle
size distribution and humidity of the spray

dried granules were found the most important
parameters in terms of smooth flowing of
granules onto the belt and homogeneous
pressing behaviour after modifications that are
discussed above. These parameters should be kept
under control for the success of the process and
production

Composition A seemed to be selected primarily in
terms of cutting process and can be fired up to high
temperatures of 1230 °C without any problems. For
this composition, a working temperature of 1225°C
is thought to be very suitable according to the firing
conditions and experimental results.
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