
B‹L‹M-TEKNOLOJ‹ / SCIENCE-TECHNOLOGY

140 Temmuz-Eylül 2009 July-September No: 29

Kordiyerit esasl› silisyum karbür katk›l›
köpük filtrelerin karakterizasyonu ve baz›
mekanik özelliklerinin belirlenmesi 

Characterization and determination of certain
mechanical properties of cordierite based

silicon carbide added foam filters 

Süleyman Akp›nar, ‹.Ak›n Altun, Kaz›m Önel Dokuz Eylül Üniversitesi Mühendislik Fakültesi Metalurji ve Malzeme Mühendisli¤i Bölümü, ‹zmir   
Dokuz Eylül University School of Engineering Metalurgical and Materials Engineering Department, Izmir 

ABSTRACT
In this study, it was aimed at producing

characterization and determination of

certain mechanical properties of cordierite

based silicon carbide added ceramic foam

filter materials. Ceramic solutions

prepared from mixtures of Magnesia,

Kaolen, Quartz and SiC were shaped by

replication technique and subsequently by

spray technique and sinterized for one

hour at 1350 oC. The end products

obtained after sintering were characterized

by physical and mechanical tests and XRD

and SEM analyses. 

ÖZET
Bu çal›flmada kordiyerit esasl› silisyum

karbür katk›l› seramik köpük filtre
malzemelerin üretimi, karakterizasyonu ve

baz› mekanik özelliklerinin belirlenmesi
hedeflenmifltir. Magnezya, Kaolen, Kuvars

ve SiC hammadde kar›fl›mlar›ndan
haz›rlanan seramik solüsyonlar replikasyon

yöntemiyle ve akabinde spray tekni¤i ile
flekillendirilmifl ve 1350 oC’de 1 saat süre
ile sinterlenmifltir. Sinterleme sonras› elde

edilen nihai ürünler fiziksel, mekanik
testler ve XRD, SEM analizleri ile

karakterize edilmifltir. 

Anahtar Kelimeler: Kordiyerit Köpük Filtre, 
Replikasyon Yöntemi, SiC

G‹R‹fi
Gözenekli seramikler flekillerine göre iki genel kategoride s›-

n›fland›r›labilir. Bunlar bal pete¤i flekilli (honeycomb) seramikler
ve köpük (foam) seramiklerdir. Köpük seramikler birbirleriyle te-
mas halindeki aç›k boflluklar›n sürekli bir seramik ba¤ ile ba¤lan-
mas›ndan oluflan üç boyutlu gözenekli malzemelerdir. Bal pete¤i
flekilli seramikler ise presleme ya da ekstrüzyon yöntemiyle üre-
tilen iki boyutlu gözenekli malzemelerdir. Köpük seramikler üre-
tim yöntemlerine göre aç›k ya da kapal› gözenek yap›lar›nda el-
de edilmektedir. Uygulama alanlar› da bu gözenek yap›lar›na
ba¤l› olarak de¤iflmektedir [1,2]. 

Key Words: Cordierite Foam Filter, 
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PREAMBLE 
Porous ceramics may be classified in two general categories

depending on their shapes. These are honeycomb ceramics and
foam ceramics. Foam ceramics are three dimensional porous
materials formed by connection of open void in contact with
each other by a continuous ceramic bond. Honeycomb formed
ceramics, on the other hand, are two-dimensional porous mate-
rials produced by pressing or extrusion techniques. Foam cera-
mics are derived in open or closed porous structures based on
the production technique. Fields of application vary depending
on these pore configurations [1,2]. 
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Aç›k Gözenekli Kapal› Gözenekli
S›v› Metal Filtreleri Hafif sandviç panelleri
Gaz Filtreleri F›r›n yard›mc› malzemeleri
Katalizör tafl›y›c›s› Termal yal›t›m malzemeleri
Gözenekli yanma hücreleri Is›t›c› elemanlar
Kemik yerini alan malzemeler Darbe absorblay›c›lar›
Kompozit matriks yap›s› olarak

Tablo 1. Köpük seramiklerin uygulama alanlar› [2]

Open Pore Closed Pore
Liquid metal filters Light sandwich panels
Gas filters Kiln auxiliary materials
Catalyst carriers Thermal insulators
Porous combustion chambers Heating elements
Bone replacements Impact absorbers
As composite matrix structure

Table 1. Fields of application of foam ceramics [2]

Avrupa’da, otomotiv endüstrisinde s›v› metal filtreleri olarak
araç bafl›na ortalama 4,5 filtre kullan›lmaktad›r. Bu oran Ferrari fir-
mas›nda araç bafl›na 70 filtreye kadar ulaflmaktad›r. Demir metal-
lerinin filtrasyonunda 140 milyon filtre/y›l, alüminyum dökümde 20
milyon filtre /y›l ve çelik dökümde 2 milyon filtre/y›l olmak üzere filt-
re malzemesi olarak gözenekli seramiklerin kullan›m› pazar pay›
y›lda yüzde 3,5 oran›nda artarak devam etmektedir [3]. Ülkemiz-
de de yabanc› ve yerli
otomotiv endüstrisini
besleyen yan sanayide
döküm üretim tonajlar›
her geçen y›l artmakta,
buna paralel olarak s›v›
metal filtre tüketimi de
artmaktad›r.  

Köpük seramik üre-
tim yöntemlerinin bafll›-
calar›; polimer sünger
metodu (replikasyon
yöntemi), direk köpük-
lefltirme ve karbon pre-
formlar›n CVD/CVI
(Chemical Vapour De-
position/Chemical Vapour Infiltration) yöntemleriyle kaplanmas›-
d›r [1,2]. Günümüzde köpük seramiklerin üretiminde en yayg›n
olarak kullan›lan yöntem replikasyon prosesidir. Proses ak›m fle-
mas› fiekil 1’de verildi¤i gibidir. 

Köpük seramik malzeme üretiminde seramik malzemenin se-
çimi teknik ve ticari nedenlere dayanmaktad›r. Kordiyerit, sahip
oldu¤u düflük termal genleflme katsay›s›, yeterli termal iletkenlik
ve mükemmel termal sok dayan›m›ndan dolay› tercih edilmekte-
dir. Düflük maliyetli olmas›,  kolayl›kla elde edilebilmesi ve malze-
meye dönüfltürülebilmesi özellikle otomobil motorlar›nda katali-
zör destekleyici olarak kullan›m›nda tatmin edici özellikler sa¤la-
maktad›r [4]. 

2.DENEYSEL CALIfiMALAR
2.1. Reçete Oluflturma

Kordiyerit esasl› köpük seramik filtre üretiminde iskelet yap›y›
teflkil edecek polimer malzemesi olarak Arslan Sünger A.fi’den te-
min edilen 20 PPI (inch bafl›na düflen por) gözenek yo¤unlu¤unda-
ki poliüretan süngerler kullan›lm›flt›r. Seramik yap›y› teflkil edecek
kordiyerit faz›n eldesi için MgO kayna¤› olarak Sinter Magnezya,
Al2O3 kayna¤› olarak Al2O3 ve SiO2’yi ayn› anda bilefliminde bulun-
duran Kaolen ve SiO2 kayna¤› olarak da Kuvars hammaddeleri kul-
lan›lm›flt›r. Hammaddeler 63 mikron alt› inceli¤e kadar seramik bilya-
l› de¤irmende ö¤ütülerek kordiyeritin kimyasal formülündeki
(2MgO.2Al2O3.5SiO2) sitokiyometriye uygun olarak kar›flt›r›lm›flt›r. Ha-

In Europe, 4.5 filters are used per vehicle as liquid metal filters
in the automotive industry. This ratio goes up to 70 filters per ve-
hicle in the firm Ferrari. The use of porous ceramics as filter ma-
terials is growing at the rate of 3.5 percent a year in filtration of fer-
rous metals as 140 million filter/year and in aluminum casting, 20
million filters a year and in steel casting, 2 million filters/year [3].
In our country, too, the casting production tonnage in the suppli-

ers industry fe-
eding the internati-
onal and local auto-
motive industry is
increasing each ye-
ar and the con-
sumption of liquid
metal filters is also
growing in parallel
with it. 

The main pro-
duction methods
for foam ceramics
are the polymer
sponge method
(replication met-

hod), direct foaming and coating of carbon preforms by CVD/CVI
(Chemical Vapour Deposition/Chemical Vapor Infiltration) techni-
ques [1,2]. Presently, the most widely used technique in produc-
tion of foam ceramics is the replication process. Process flowc-
hart is as shown in Figure 1. 

The selection of the ceramic material in production of foam
ceramics is based on technical and commercial considerations.
Cordiorite is preferred due to its low thermal expansion coeffici-
ent, its adequate thermal conductivity and perfect thermal shock
strength. Its low cost, easy derivation and easy transformation in-
to material brings satisfying characteristics in its use as catalyst
supporter especially in automotive engines [4].  

2. EXPERIMENTAL STUDIES
2.1. Formation of Recipe

As the polymer to constitute the frame in production of cordi-
orite based foam ceramic filters, polyurethane sponges with 20
PPI porosity obtained from Aslan Sünger A.fi. were used. As so-
urce of MgO to derive the cordiorite base to constitute the cera-
mic configuration, sinter magnesia as source of Al2O3 Kaolen
which accommodates Al2O3 and SiO2 simultaneously in its com-
position and as SiO2 source, quartz were used as raw materials.
Such raw materials were ground in a mill with ceramic balls down
to under 63 micron fineness and mixed with the stoichiometry in
the chemical formula of cordiorite (2MgO.2Al2O3.5SiO2). In all mix-

Seramik Süspansiyon Haz›rlama
Ceramic Suspension Preparation

Süngerin Süspansiyona Dald›r›lmas›
Dipping of Sponge into Suspension

Fazla Süspansiyonun Uzaklaflt›r›lmas›
Removal of excess suspension

Kurutma
Drying

Süngerin Yak›larak Uzaklaflt›r›lmas›
Removal of sponge by combustion

Sinterleme
Sinterleme

Katk›lar
Additives

fiekil 1. Replikasyon yöntemiyle
köpük seramik üretim ak›m

flemas› [1].

Figure 1. Foam ceramic production
flowchart by replication technique

[1]. 

Sünger Malzeme Seçimi
Selection of sponge material
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z›rlanan tüm kar›fl›mlarda MgO:Al2O3:SiO2 mol oranlar› a¤›rl›kça
13,7:34,9:51,4 olacak flekilde ayarlanm›flt›r. Ayr›ca nihai ürün özellik-
lerine etkisini incelemek amac›yla 10 mikron incelikte tane boyutuna
sahip SiC a¤›rl›kça yüzde 10, 20, 30, 40, 50 fleklinde artan oranlar-
da kordiyerit kar›fl›m›na ilave edilerek katk›l› reçeteler oluflturulmufl-
tur. Kullan›lan hammadde kimyasal analizleri ile bu hammadde kar›-
fl›mlar›ndan haz›rlanan reçeteler Tablo 1 ve 2’de verilmifltir.  

2.2. fiekillendirme
Literatürde seramik köpük filtre üretimiyle ilgili yap›lm›fl çal›fl-

malarda seramik çamur içerisindeki kat› madde miktar›n›n büyük
önem arz etti¤i deney sonuçlar›ndan anlafl›lm›flt›r. Kordiyerit ve
SiC esasl› filtre malzemesi üretiminde seramik çamurdaki kat›
madde miktar› artt›¤›nda mukavemet de¤erlerinin önemli derece-
de artt›¤› görülmüfltür [4,5]. Bu bulgulardan yola ç›karak replikas-
yon yöntemiyle polimer sünger yüzeyine kaplanacak en yüksek
kat› madde içerikli seramik solüsyon eldesi için Tablo 2’de veri-
len hammadde kar›fl›mlar› farkl› kat›/su oranlar›nda kar›flt›r›larak
sulu solüsyonlar haline getirilmifltir. C0 kodlu reçetedeki hammad-
delerden en yüksek kat› içerikli ak›flkan solüsyon yüzde 58 ka-
t›xyüzde 42 su kar›fl›m›nda ve yüzde 0,6 oran›nda Darvan-821A
dispersant ilavesi ile haz›rlanm›flt›r. SiC katk›s› yap›larak haz›rla-
nan yüzde 58 kat› içerikli solüsyonlarda artan SiC katk›s›yla birlik-
te ak›flkanl›¤›n artt›¤› gözlemlenmifltir. Ak›flkanl›ktaki bu art›fl›n, bu
solüsyonlardan haz›rlanan numunelerde kaplama kal›nl›¤›n›n
azalmas›na neden oldu¤u gözlemlenmifltir. Bu nedenle SiC kat-
k›l› tüm solüsyonlarda kaplaman›n gerçeklefltirilebilece¤i en yük-
sek kat› madde oranlar› belirlenerek solüsyonlar haz›rlanm›fl ve
dald›rma yöntemi ile polimer sünger üzerine kaplama yap›larak
filtre numuneleri elde edilmifl-
tir.  Kaplama kal›nl›¤›n› artt›r-
mak amac›yla ayn› reçeteler-
den haz›rlanan ilk kaplamaya
göre daha ak›flkan solüsyon-
larla spray tekni¤i ile ikinci
kaplama ifllemi gerçeklefltiril-
mifltir. Dald›rma ve spray kap-
lama için belirlenen en yüksek
kat› içerikli solüsyonlar›n yüz-
de kat› oranlar› Tablo 3’de
verilmifltir. 

2.2. Shaping
It was established from test results that the quantity of solid

matter in the ceramic clay was of great significance in studies ma-
de relating to ceramic foam filter production in literature. It was ob-
served that in production of cordiorite and SiC based filter materi-
als, strength increased significantly as the quantity of solid matter
in ceramic clay increased [4,5]. Based on these findings, to deri-
ve a ceramic solution with highest solid matter content to be co-
ated on the polymer sponge surface by replication technique, the
raw material mixes given in Table 2 were mixed at different so-
lid/water ratios and were turned into slurry solutions. The fluid so-
lution of solid matter content out of the raw materials in the recipe
coded C0 was prepared 58 percent solidx42 percent water mix
with addition of 0,6 percent Darvan-821A dispersant. It was obser-
ved that fluidity increased with increasing SiC content in solutions
of 58 percent solid matter content prepared adding SiC. It was ob-
served that this increase in fluidity caused a decrease in the thick-
ness of coating in specimens prepared from these solutions. The-
refore, solutions were prepared determining the highest solid mat-
ter ratios on which coating could be achieved in all solutions with
SiC additive and filter specimens were obtained by coating on

polymer sponge by the dipping
technique. The second coating
process was achieved by the
spray technique in solutions which
are more fluid compared to the first
coating, prepared from the same
recipes to increase the thickness
of the coating. The percentage so-
lid matter ratios of solutions with
highest solid matter content deter-
mined for dipping and spray co-
ating are given in Table 3. 

tures prepared, MgO:Al2O3:SiO2 mole ratios were set for
13,7:34,9:51,4 by weight. Also, recipes with additives were for-
med adding SiC of 10 micron grain size to the cordiorite mixture
in increasing ratios of 10, 20, 30, 40 and 50 percent by weight to
examine their effect on the properties of the end product. The
chemical analysis of used raw materials and recipes prepared
from such raw material mixtures are given in Table 1 and 2. 

Tablo 1. Hammaddelerin kimyasal analizi [2] (A¤›rl›kça %) Table 1. Chemical analysis of raw materials (By weight %)

Hammaddeler Raw materials MgO Al2O3 SiO2 CaO TiO2 Fe2O3 K2O Na2O A.Z

Magnezya Magnesia 96,47 0,33 0,97 1,46 - 0,48 - - 0,29

Kaolen Kaolin 0,28 36,83 48,34 0,08 0,04 0,70 1,86 0,04 12,14

Kuvars Quartz - - 99 - - - - - -

Tablo 2. Kordiyerit köpük filtre üretimi için haz›rlanan kar›fl›mlar. 
Table 2. Mixtures prepared for production of cordiorite foam filter

Kar›fl›m Oranlar› (A¤›rl›kça %) Mix ratios (By weight %)

Hammaddeler Raw materials C0 C1 C2 C3 C4 C5

Kaolen Kaolin 82.91 74.62 66.33 58.04 49.75 41.46

Magnezya Magnesia 12.20 10.98 9.76 8.54 7.32 6.10

Kuvars Quartz 4.89 4.40 3.91 3.42 2.93 2.45

SiC 0 10 20 30 40 50

Solüsyondaki % Kat› Oranlar›
% solid matter ratio in solution

Solüsyon 1. Kaplama (Dald›rma) 2. Kaplama (Spray)
Solutions 1. Coating (Dip) 2. Coating (Spray)
C0 58.01 40.00

C1 62.25 42.50

C2 65.00 45.00

C3 66.41 47.50

C4 68.13 50.00

C5 71.52 52.50

Tablo 3. Dald›rma ve spray kaplama solüsyonlar›n›n % kat› oranlar›.
Table 3. Percent solid matter ratios of dipped and spray coating solutions  
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2.1.3. Sintering 
In determining the heating re-

gime to be implemented to remo-
ve the polyurethane sponge from
the structure without destroying
the ceramic structure in the sinte-
ring process, the data in the DTA-
TG analysis carried out in the Shi-
madzu brand DTG-60H model
DTA device were taken into consi-
deration (Figure 2). 

It was determined that in DTA
analysis, reactions started at 220
oC and continued until 600 oC and
at about 400 oC, the highest loss of
weight occurred due to the com-
bustion reaction with oxygen, of

sponge by TGA analysis. From these data, it was concluded that
to remove the polymer based sponge without destroying the struc-
ture, it should be heated at a slow heating rate at the said tempe-
ratures. 

Sintering processes were carried out by heating in ceramic tu-
be Protherm brand PTF 14 model kiln at 1oC/min. heating tempe-
rature up to 600 oC and at 5oC/min. heating rate up to 1350 oC and
dwelling for one hour at this temperature. The end products obta-
ined after sintering (Figure 3) were subjected to characterization
tests and their properties were discussed comparatively. 

2.1.3. Sinterleme
Sinterleme prosesinde po-

liüretan süngerin seramik ya-
p›y› tahrip etmeden yap›dan
uzaklaflt›r›lmas› için uygulana-
cak ›s›tma rejiminin belirlen-
mesinde Shimadzu marka
DTG-60H model DTA cihaz›n-
da yap›lan DTA-TG analizin-
deki veriler dikkate al›nm›flt›r
(fiekil 2).  

DTA analizinde reaksiyon-
lar›n 220 oC’de bafllay›p 600
oC’e kadar devam etti¤i ve
400 oC civar›nda süngerin ok-
sijen ile yanma reaksiyonu ne-
ticesinde en fazla a¤›rl›k kay-
b›n›n gerçekleflti¤i TGA analizi ile tespit edilmifltir. Bu verilerden
polimer esasl› süngerin yap›y› tahrip etmeden uzaklaflt›r›lmas›
için söz konusu s›cakl›klarda yavafl ›s›tma h›z›yla ›s›t›lmas› ge-
rekti¤i düflünülmüfltür. 

Sinterleme ifllemleri seramik tüplü Protherm marka PTF 14
model f›r›nda 1oC/dk ›s›tma h›z›nda 600 oC’ye kadar,  5oC/dk ›s›t-
ma h›z›nda 1350 oC ye kadar ›s›t›larak ve bu s›cakl›kta 1 saat sü-
re bekletilerek gerçeklefltirilmifltir. Sinterleme sonras› elde edilen
nihai ürünler (fiekil 3) karakterizasyon testlerine tabi tutularak
özellikleri karfl›laflt›rmal› olarak irdelenmifltir.

2.1.4. Characterization  
Reduction, bulk and actual density, three point bending and

compression strength tests, XRD and SEM analysis and characte-
rization studies were carried out on the cordiorite based foam filter
specimens . Five specimens from each series each were used for
all physical and mechanical tests. Derived results are given in
Table 4 as the average of 5 figures with standard deviations. 

2.1.4. Karakterizasyon
Kordiyerit esasl› köpük filtre numuneleri üzerinde küçülme,

bulk ve gerçek yo¤unluk, üç nokta e¤me ve basma mukavemeti
testleri, XRD ve SEM analizleri ile karakterizasyon çal›flmalar› ya-
p›lm›flt›r. Bütün fiziksel ve mekanik testlerde her seriye ait 5’er
adet numune kullan›lm›flt›r.  Elde edilen sonuçlar 5 de¤erin orta-
lamas› olarak standart sapmalar› ile birlikte Tablo 4’de verilmifltir.  

fiekil 2. Poliüretan süngerin DTA-TG analizi. Figure 2. DTA-TG analysis of polyurethane sponge

fiekil 3. C0 kodlu
kordiyerit esasl› filtre

numunenin sinterleme
sonras› görüntüsü. 

Figure 3. Post sintering 
look of C0 cordierite based
filter specimen

Tablo 4. Kordiyerit esasl› numunelerin karakterizasyon test sonuçlar›. 
Table 4. Characterization test results of cordierite based specimens. 

Numune Küçülme Yo¤unluk Gerçek Yo¤unluk E¤me Mukavemeti Basma Mukavemeti
Specimen Shrinkage Bulk Density True Density Bending Strength Compression Strength

(%) (g/cm3) (g/cm3) (MPa) (MPa)

C0 20.77 ± 0.60 0.47 ± 0.005 2.49 ± 0.28 0.40 ± 0.10 0.27 ± 0.06

C1 16.88 ± 0.53 0.48 ± 0.003 2.51 ± 0.14 0.61 ± 0.12 0.50 ± 0.09

C2 16.32 ± 0.96 0.42 ± 0.004 2.56 ± 0.38 0.44 ± 0.10 0.26 ± 0.09

C3 15.20 ± 1.06 0.44 ± 0.010 2.67 ± 1.10 0.43 ± 0.15 0.30 ± 0.12

C4 12.91 ± 1.10 0.42 ± 0.001 2.69 ± 0.15 0.40 ± 0.09 0.27 ± 0.09

C5 6.75 ± 0.33 0.41 ± 0.007 2.85 ± 0.24 0.62 ± 0.09 0.52 ± 0.10
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In determining reduction behavior, dimensional changes in
specimens prepared in 5cmx2,5cmx2cm sizes were measured
with the aid of 0.001 mm precision compass before and after sin-
tering. Percent reductions in specimens were calculated based on
the formula [((initial length-final length) / initial length)*100]. The
actual densities (non-void) of end specimens derived after sinte-
ring were measured based on “Determination of actual densities
of ceramic materials by piknometer” specified in standard TSE
4400 (Figure 4). 

The three point bending strength test was carried out by estab-
lishing a three point bending mechanism on the tensile strength
device on specimens of 5 cm x 2,5 cm x 2 cm prepared for the re-
duction test, bringing the device to the compression mode (Figu-
re 5). The compressive strength test was carried out using stan-
dard compression plates on the tensile strength equipment on
specimens prepared in size 2,5 cm x 2,5 cm x 2cm bringing the
device to the compression mode. 

Küçülme davran›fllar›n›n tespitinde 5cmx2,5cmx2cm ebatla-
r›nda haz›rlanan numunelerde boyutsal de¤iflimler sinterleme ifl-
lemi öncesi ve sonras› 0.001 mm hassasiyetli kumpas yard›m› ile
ölçülmüfltür. Numunelerdeki yüzde(%) küçülmeler; [((ilk uzunluk-
son uzunluk) / ilk uzunluk)*100] formülüne göre hesaplanm›flt›r.
Sinterleme ifllemi sonras› elde edilen nihai numunelerin gerçek
yo¤unluklar› (boflluksuz) TSE 4400 standard›nda belirtilen “Sera-
mik malzemelerin piknometre ile gerçek yo¤unluklar›n›n tayini”ne
göre yap›lm›flt›r (fiekil 4). 

Üç nokta e¤me mukavemeti testi küçülme testi için haz›rla-
nan 5 cm x 2,5 cm x 2 cm ebatlar›ndaki numuneler üzerinde çek-
me cihaz›nda 3 nokta e¤me düzene¤i kurularak ve cihaz basma
moduna getirilerek yap›lm›flt›r (fiekil 5). Basma mukavemeti testi
2,5 cm x 2,5 cm x 2cm ebatlar›nda haz›rlanan numuneler üzerin-
de çekme cihaz›nda standart basma plakalar› kullan›larak ve
cihaz basma moduna getirilerek yap›lm›flt›r.  

fiekil 4. C0 kodlu kordiyerit esasl› filtre numunenin sinterleme sonras› görüntüsü. 
Figure 4 . Percent reduction and actual densities of cordiorite based foam filter specimens. 

fiekil 5. Kordiyerit esasl› köpük filtre numunelerin üç nokta e¤me ve basma mukavemetleri.
Figure 5 . Three point bending and compressive strengths of cordiorite based foam filter specimens

Beside the impact of SiC addition on the technical properties of
specimens in production of cordiorite based foam filters, XRD analy-
sis was carried out to see the impact on phase change (Figure 6). 

SEM analysis were carried out to observe the microstructures of
materials after the sintering process in cordiorite based foam filter
production. The image of SEM analysis for 10 percent SiC added
cordiorite specimen coded C1 is given in Figure 7. 

3. RESULTS AND DISCUSSION
In the results of the reduction test given in Figure 4, 20 percent

weight loss has occurred on the cordiorite specimen with no silicon
carbide added as a result of the removal of the crystal  water of ka-
olin and combustion of sponge. With SiC introduced in the compo-
und in increasing ratios and relatedly the decrease in the quantity
of kaolin due to different atomic diffusion coefficients, surface
energy and grain size of the elements in the compound, sintering
kinetics have changed, leading to a decrease in the percentage re-
duction ratios. Also, as mentioned in XRD analysis results, it can be
said that the volumetric increase to be caused by the crystobalite
phase occurring as a result of sinterization of SiC in normal atmosp-
here setting was effected in the decrease in these reduction rates. 

The actual densities of specimens varied between 2.49–2.85
gr/cm3 and it is believed that the increase in the actual densities
with addition of SiC stems from the fact that SiC has a higher the-
oretical density compared to the cordiorite phase. Also, it is possib-

Kordiyerit esasl› köpük filtre üretiminde SiC katk›s›n›n nu-
munelerin teknik özelliklerinin yan› s›ra faz de¤iflimine olan et-
kisini irdelemek amac›yla XRD analizi yap›lm›flt›r (fiekil 6).

Kordiyerit esasl› köpük filtre üretiminde sinterleme prosesi
sonras› malzemelerin mikroyap›lar›n› incelemek amac›yla SEM
analizleri yap›lm›flt›r. C1 kodlu yüzde 10 SiC katk›l› kordiyerit nu-
muneye ait SEM analiz görüntüsü fiekil 7’de verilmifltir.  

3. SONUÇLAR VE TARTIfiMA
fiekil 4’de verilen küçülme test sonuçlar›nda, silisyum kar-

bür katk›s›z kordiyerit numunesinde kaolenin kristal suyunun
uzaklaflmas› ve süngerin yanmas› neticesinde yüzde 20 mer-
tebesinde a¤›rl›k kayb› meydana gelmifltir. Bileflime artan oran-
larda giren SiC ve buna ba¤l› olarak kaolen miktar›n›n azalma-
s› ile bileflimdeki elementlerin farkl› atomik difüzyon katsay›lar›,
yüzey enerjisi ve tane boyutundan dolay› sinterleme kineti¤inin
de de¤iflmesine neden olmas›yla yüzde (%) küçülme oranla-
r›nda azalma meydana getirmifltir. Ayr›ca XRD analiz sonuçla-
r›nda da bahsedildi¤i üzere SiC’ün normal hava ortam›nda sin-
terlenmesi neticesinde oluflan kristobalit faz›n›n meydana geti-
rece¤i hacimsel art›fl›n da bu küçülme oranlar›ndaki azalmada
etkin oldu¤u söylenebilir.    

Numunelerin gerçek yo¤unluk de¤erlerinin 2.49–2.85
gr/cm3 aras›nda de¤iflti¤i ve SiC katk›s› ile gerçek yo¤unluk
de¤erlerindeki art›fl›n SiC’ün kordiyerit faz›na göre daha yük-
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le that the increase in density has caused less voids to be formed
and this was effective in the decrease observed in the reduction re-
sults as the sintering process has had a void decreasing effect. In
discussion of the three point bending strength test results given in
Figure 5, the strength measured as 0.24 MPa on the non-additive
cordiorite  specimens has risen to 0.61 MPa addition of 10 percent
SiC. Starting from this additive ratio, it was observed that strength
fell as SiC addition ratio increased, yet strength was still higher than
the non-additive cordiorite specimens. While the same strength
was derived as the non-additive cordiorite specimen with 40 per-
cent SiC addition; at 50 percent SiC addition, a high strength like
the figure derived at 10 percent SiC addition ratio was derived. In
the compressive strength test results, the highest strength was de-
rived at 10 percent and 50 percent SiC addition ratios similar to the
three point bending strength results. However, the obtained values
were less than the bending strength figures. These findings were
compared to the findings derived as a result of the characterizati-
on of specimens sintered after coating with a ceramic solution pre-
pared at 50 percent solid matter – 50 percent liquid ratio using a re-
adily available cordiorite powder in a study carried out on a similar
subject in literature [4]. In the applicable literature, the bulk density
of cordiorite material produced from sponge of 21 kg/m3 (~20PPI)
was given as 0.29 g/cm3 and the compressive strength was given
as 0.24 MPa in literature. Comparing this data to those derived in
our study, the compressive strength and bulk density figures on 10
percent and 50 percent SiC added cordiorite specimens were app-
roximately twice the figures in literature; yet the compressive
strengths in other samples were close to each other but the bulk
density figures were found to be higher than those in literature. The
fact that bulk density figures were higher than those in literature in
all series is because of the increase in the thickness in coating by
spray coating which caused an increase in the quantity of ceramic
solid matter per unit volume. On the other hand, another point
worthy of mentioning in literature is that strength values rose up to
1,5 MPa level when the solid matter ratio of the ceramic solution co-
ated on the sponge surface was increased from 50 percent to 55-
60 or 65 percent. Therefore, the thickness and quantity of the cera-
mic coating material in the matrix structure is of great significance
in terms of density and strength values. 

fiekil 6. Kordiyerit esasl› ve SiC katk›l› numunelerde XRD analiz sonuçlar›.
Figure 6 . Results of  XRD analysis on cordiorite based and SiC added specimens fiekil 7. Yüzde 10 SiC katk›l› kordiyerit köpük filtre numunesinin mikroyap› görüntüsü. (Aç›k

gözenekli hücre yap›s› ile birlikte SiC’ün oksitlenmesinde aç›¤a ç›kan gaz kabarc›klar›n geride
b›rakt›¤› gözenekli yap› görüntüsü)

Figure 7. Micro-structural image of the cordiorite foam filter specimen with 10 percent SiC added. (The porous
structure image left behind by gas bubbles released in oxidization of SiC together with the open pore cell structure) 

sek teorik yo¤unlu¤a sahip olmas›ndan kaynakland›¤› düflü-
nülmüfltür. Ayr›ca yo¤unluk art›fl›n›n da daha az boflluk olufl-
mas›na neden olmas› ve bu durumda sinterleme iflleminin bofl-
luk azalt›c› bir etki yapmas›ndan dolay› küçülme sonuçlar›nda
gözlemlenen azalmada etkili oldu¤u düflünülmüfltür. fiekil 5’de
verilen üç nokta e¤me mukavemeti test sonuçlar› irdelendi¤in-
de, katk›s›z kordiyerit numunelerde 0.40 MPa olarak ölçülen
mukavemet de¤eri yüzde 10 SiC katk›s› ile 0.61 MPa’a artm›fl-
t›r. Bu katk› oran›ndan itibaren SiC katk› oran› artt›kça mukave-
met de¤erlerinin düfltü¤ü ancak yine de katk›s›z kordiyerit nu-
munelerinkinden yüksek oldu¤u görülmüfltür. Yüzde 40 SiC
katk›s›nda katk›s›z kordiyerit numune ile ayn› mukavemet de-
¤eri elde edilirken yüzde 50 SiC oran›nda ise yüzde 10 SiC kat-
k› oran›nda elde edilen de¤er gibi yüksek mukavemet de¤eri
elde edilmifltir. Basma mukavemeti test sonuçlar›nda ise, üç
nokta e¤me mukavemeti sonuçlar›na benzer flekilde yüzde 10
ve 50 SiC katk› oranlar›nda en yüksek mukavemet de¤erleri el-
de edilmifltir. Ancak elde edilen de¤erler e¤me mukavemeti
de¤erlerinden düflük ç›km›flt›r. Elde edilen bu bulgular litera-
türde benzer konuda yap›lm›fl bir çal›flmada haz›r kordiyerit to-
zu kullan›larak yüzde 50 kat›xyüzde 50 s›v› oran›nda haz›rlanan
seramik solüsyon ile kaplama sonras› sinterlenen örneklerin
karakterizasyonu sonucu elde edilmifl bulgular ile karfl›laflt›r›l-
m›flt›r [4]. ‹lgili literatürde 21 kg/m3 (~20PPI) yo¤unluktaki sün-
gerden üretilen kordiyerit malzeme bulk yo¤unlu¤u 0.29 g/cm3

ve basma mukavemeti 0.24 MPa olarak verilmifltir. Bu veriler
makalede yap›lan çal›flmalarda elde edilen verilerle mukayese
edildi¤inde, yüzde 10 ve yüzde 50 SiC katk›l› kordiyerit numu-
nelerde basma mukavemeti ve bulk yo¤unluk de¤erleri litera-
türdeki de¤erlerin yaklafl›k 2 kat› iken di¤er numunelerde bas-
ma mukavemeti de¤erleri birbirine yak›n fakat bulk yo¤unluk
de¤erleri literatürdeki de¤erden yine yüksek oldu¤u anlafl›l-
m›flt›r. Bulk yo¤unluk de¤erlerinin tüm serilerde literatürdekine
k›yasla yüksek ç›kmas› spray kaplama ile kaplama kal›nl›¤›n›n
dolays›yla birim hacimdeki seramik kat› miktar›n›n artmas›ndan
dolay›d›r. Di¤er taraftan literatürde dikkat çeken bir husus ise
sünger yüzeyine kaplanan seramik solüsyon kat› oran›n›n yüz-
de 50 mertebesinden yüzde 55–60 ve 65 oran›na kadar art›r›l-
d›¤›nda mukavemet de¤erlerinin 1,5 MPa seviyesine kadar art-
t›¤›d›r. Dolay›s›yla matris yap›daki seramik kaplama malzeme-
sinin kal›nl›¤› ve miktar› yo¤unluk ve mukavemet de¤erlerinde
büyük önem arz etmektedir.
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It was established from the R&D analysis results given in Figu-
re 6 that all peaks of the cordiorite phase occurred in the XRD
analysis of the non-additive cordiorite based specimen among tho-
se sinterized for one hour at 1350 oC temperature and the produc-
tion of cordiorite material, the phase transformation of which was
fully achieved has taken place as expected. At 10 percent SiC ad-
ditive level, most of the characteristic peaks of the SiC phase were
not observed. At 20 percent SiC additive level, it was observed that
all peaks of the SiC phase appeared and after this additive ratio,
the peak intensities of SiC increased in parallel with the increase in
the ratio of the additive and there was a reduction in the intensities
of the characteristic peaks of the cordiorite phase. Also, depending
on the fact that the peak designated as the cordiorite peak at
2o_=21.6o coincided with the crystobalite peak at the same time and
the increasing SiC ratio, it was established that the increase in this
peak intensity was attributable to the crystobalite phase occurring
as a result of oxidization of SiC. The existence of the crystobalite
phase and the quantity of SiO2 in excess of the quantity required in
cordiorite stochiometry have caused the formation of the spinel
phase. The SAM analysis image given in Figure 7 was taken from
the open pore cell structure. In general, it was established that the
ceramic structure was formed of pores together with the glassy
phase. It is considered that the pores are voids left behind by CO
released as a result of the oxidization reaction which took place as
a result of sinterization of SiC under normal atmospheric conditions.
It is believed that these micro pores will have an impact increasing
the transformation productivity as they increase the surface area in
the catalytic uses of such type of porous ceramic materials. 

4. RESULTS
In this study on production and characterization of cordiorite

based  ceramic filters, it was established that when 10 % S›C addi-
tive was used, a decrease was achieved in the reduction ratio
which may cause shape disorders and adversities like deviation
from size tolerance, positive contributions were made in density
and strength figures and no significant change occurred on the
cordiorite phase structure. When evaluated economically, it is
concluded that addition of 10 percent SiC which allows production
of materials with almost the same performance would be more ad-
vantageous at the levels of 10 percent and 50 percent SiC additi-
on levels affording greater advantage over cordiorite. 

5. RECOMMENDATIONS
The recoating process may be implemented and the characte-

ristics of materials may be increased when a concrete strength is
achieved, removing the sponge by a pre-sinterization process on
shaped filter specimens in addition to SiC addition and spray tech-
nique in production of cordiorite based ceramic filter materials. 
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fiekil 6’da verilen XRD analizi sonuçlar›nda 1350 oC s›cak-
l›kta 1 saat süre ile sinterlenen numunelerde katk›s›z kordiye-
rit esasl› numuneye ait XRD analizinde kordiyerit faz›n›n tüm
piklerinin olufltu¤u ve beklendi¤i üzere faz dönüflümü tama-
men sa¤lanm›fl kordiyerit malzeme üretiminin gerçekleflti¤i
anlafl›lm›flt›r. Yüzde 10 SiC katk›s›nda SiC faz›na ait karakte-
ristik piklerin ço¤u gözlemlenmemifltir. Yüzde 20 SiC katk›s›n-
da ise SiC faz›na ait tüm piklerin ortaya ç›kt›¤› ve bu katk› ora-
n›ndan sonra SiC’e ait pik fliddetlerinin katk› oran›n›n art›fl› ile
paralel olarak artt›¤› ve kordiyerit faz›na ait karakteristik pikle-
rin fliddetlerinde azalma oldu¤u tespit edilmifltir. Ayr›ca
2o_=21.6o’de kordiyerit piki olarak iflaretlenen pikin ayn› za-
manda kristobalit piki ile de çak›flmas› ve artan SiC oran›na
ba¤l› olarak bu pik fliddetindeki art›fl›n SiC’un oksitlenmesi ile
meydana gelen kristobalit faz›na ait oldu¤u anlafl›lm›flt›r. Kris-
tobalit faz›n›n varl›¤› ile kordiyerit sitokiyometrisindeki gereken
miktardan fazlaca SiO2 olmas› da spinel faz› oluflumuna ne-
den olmufltur. 

fiekil 7’de verilen SEM analiz görüntüsü aç›k gözenekli
hücre yap›s›ndan al›nm›flt›r. Genel itibari ile seramik yap›n›n
cams› faz ile birlikte gözeneklerden olufltu¤u anlafl›lm›flt›r. Gö-
zeneklerin SiC’ün normal hava ortam›nda sinterlenmesi neti-
cesinde oksitlenme reaksiyonu neticesinde aç›¤a ç›kan
CO’nun geride b›rakt›¤› boflluklar oldu¤u düflünülmüfltür. Söz
konusu bu mikro gözeneklerin, bu tür gözenekli seramik mal-
zemelerin katalitik kullan›mlar›nda yüzey alan›n› artt›rd›¤›ndan
dönüflüm verimini artt›r›c› etkisi olaca¤› düflünülmektedir. 

4. SONUÇLAR
Kordiyerit esasl› seramik filtre üretimi ve karakterizasyonu-

na yönelik bu çal›flmada SiC katk›s›n›n yüzde 10 oran›nda kul-
lan›ld›¤›nda, flekil bozukluklar› ve boyut tolerans›ndan sapma
gibi olumsuzluklara neden olabilecek küçülme oran›nda azal-
ma sa¤lad›¤›, yo¤unluk ve mukavemet de¤erlerinde olumlu
katk›lar sa¤lad›¤› ve kordiyerit faz yap›s›nda önemli de¤iflikli-
¤e neden olmad›¤› anlafl›lm›flt›r. Ekonomik aç›dan de¤erlendi-
rildi¤inde kordiyerite göre daha avantaj sa¤layan yüzde 10 ve
yüzde 50 SiC katk›lar›nda hemen hemen ayn› performansta
malzeme üretimine imkân veren yüzde 10 SiC katk›s›n›n daha
avantajl› olaca¤› düflünülmüfltür.    

5. ÖNER‹LER
Kordiyerit esasli seramik filtre malzemesi üretiminde SiC

katk›s›n›n ve spray tekni¤inin yan› s›ra flekillendirilmifl filtre nu-
munelerinin bir ön sinterleme islemi ile sünger malzemenin
yap›dan uzaklaflt›r›larak elle tutulabilir yeterlikte mukavemete
eriflti¤inde yeniden kaplama ifllemi uygulanarak malzeme
özellikleri gelifltirilebilir. 
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