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kopik filtrelerin karakterizasyonu ve bazi

mekanik Ozelliklerinin belirlenmesi
Characterization and determination of certain
mechanical properties of cordierite based
silicon carbide added foam filters
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ABSTRACT

Bu calismada kordiyerit esasli silisyum
karbir katkili seramik koplk filtre
malzemelerin tUretimi, karakterizasyonu ve
bazi mekanik 6zelliklerinin belirlenmesi
hedeflenmistir. Magnezya, Kaolen, Kuvars
ve SiC hammadde karigimlarindan
hazirlanan seramik sollisyonlar replikasyon
yontemiyle ve akabinde spray teknigi ile
sekillendirilmis ve 1350 °C’de 1 saat sire
ile sinterlenmistir. Sinterleme sonrasi elde
edilen nihai Grunler fiziksel, mekanik
testler ve XRD, SEM analizleri ile
karakterize edilmistir.

Anahtar Kelimeler: Kordiyerit Koplik Filtre,
Replikasyon Yéntemi, SiC

GIRIS

Gozenekli seramikler sekillerine gére iki genel kategoride si-
niflandirilabilir. Bunlar bal petedi sekilli (honeycomb) seramikler
ve kdpuk (foam) seramiklerdir. Képuk seramikler birbirleriyle te-
mas halindeki acik bosluklarin strekli bir seramik bag ile baglan-
masindan olusan U¢ boyutlu gézenekli malzemelerdir. Bal petegi
sekilli seramikler ise presleme ya da ekstrizyon yéntemiyle Ure-
tilen iki boyutlu gézenekli malzemelerdir. Képuk seramikler Ure-
tim yéntemlerine gore acik ya da kapall gézenek yapilarinda el-
de edilmektedir. Uygulama alanlari da bu goézenek yapilarina
bagl olarak degismektedir [1,2].

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 °C. The end products
obtained after sintering were characterized
by physical and mechanical tests and XRD
and SEM analyses.

Key Words: Cordierite Foam Filter,
Replication Technique, SiC

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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Tablo 1. Képik seramiklerin uygulama alanlari (2)

Table 1. Fields of application of foam ceramics (2)

Agk Gozenekli Kapal: Gozenekli Open Pore Closed Pore
Sivi Metal Filtreleri Hafif sandvig panelleri Liquid metal filters Light sandwich panels
Gaz Filtreleri Firin yardimc1 malzemeleri Gas filters Kiln auxiliary materials

Katalizor tastyicisi Termal yalitim malzemeleri

Catalyst carriers Thermal insulators

Gozenekli yanma hiicreleri Isitict elemanlar

Porous combustion chambers Heating elements

Kemik yerini alan malzemeler Darbe absorblayicilart

Bone replacements Impact absorbers

Kompozit matriks yapisi olarak

As composite matrix structure

Avrupa’da, otomotiv endUstrisinde sivi metal filtreleri olarak
arag basina ortalama 4,5 filtre kullaniimaktadir. Bu oran Ferrari fir-
masinda arag basina 70 filtreye kadar ulasmaktadir. Demir metal-
lerinin filtrasyonunda 140 milyon filtre/yil, aliminyum doékimde 20
milyon filtre /yil ve celik dokimde 2 milyon filtre/yil olmak Uzere filt-
re malzemesi olarak gdzenekli seramiklerin kullanimi pazar payi
yilda ylizde 3,5 oraninda artarak devam etmektedir [3]. Ulkemiz-
de de yabanci ve yerli

otomotiv endustrisini Siinger Malzeme Secimi

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-

besleyen yan sanayide
dokum Uretim tonajlar
her gegen yil artmakta,
buna paralel olarak sivi
metal filtre tuketimi de
artmaktadir.

KépuUk seramik dre-
tim yéntemlerinin basli-
calari; polimer stnger
metodu (replikasyon
yontemi), direk képuk-
lestirme ve karbon pre-
formlarin CVD/CVI
(Chemical Vapour De-

Selection of sponge material

Seramik Siispansiyon Hazirlama Katkilar
Ceramic Suspension Preparation Additives
Siingerin Siispansiyona Daldiriimasi
Dipping of Sponge into Suspension

Fazla Siispansiyonun Uzaklagtiriimasi
Removal of excess suspension
Sekil 1. Replikasyon yontemiyle
kopiik seramik iiretim akim
semast [1].

Figure 1. Foam ceramic production
flowchart by replication technique

Kurut
urutma 1.

Drying

Siingerin Yakilarak Uzaklagtirilmas:
Removal of sponge by combustion

Sinterleme
Sinterleme

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-

position/Chemical Vapour Infiltration) yéntemleriyle kaplanmasi-
dir [1,2]. GunimUzde kdpUk seramiklerin Uretiminde en yaygin
olarak kullanilan yéntem replikasyon prosesidir. Proses akim se-
masi Sekil 1'de verildigi gibidir.

Koépuk seramik malzeme Uretiminde seramik malzemenin se-
¢imi teknik ve ticari nedenlere dayanmaktadir. Kordiyerit, sahip
oldugu dusuk termal genlesme katsayisi, yeterli termal iletkenlik
ve mikemmel termal sok dayanimindan dolayi tercih edilmekte-
dir. Dustk maliyetli olmasi, kolaylikla elde edilebilmesi ve malze-
meye donustirtlebilmesi ¢zellikle otomobil motorlarinda katali-
z0r destekleyici olarak kullaniminda tatmin edici 6zellikler sagla-
maktadir [4].

2.DENEYSEL CALISMALAR
2.1. Recete Olusturma

Kordiyerit esasli kdpuk seramik filtre Uretiminde iskelet yapiyi
teskil edecek polimer malzemesi olarak Arslan Stnger A.S'den te-
min edilen 20 PPI (inch basina disen por) gézenek yogunlugunda-
ki politiretan stngerler kullaniimistir. Seramik yaply teskil edecek
kordiyerit fazin eldesi igcin MgO kaynagi olarak Sinter Magnezya,
ALO, kaynag olarak AlL,O, ve SiO,yi ayni anda bilesiminde bulun-
duran Kaolen ve SiO, kaynagi olarak da Kuvars hammaddeleri kul-
laniimistir. Hammaddeler 63 mikron alti incelige kadar seramik bilya-
Il degirmende o6gutllerek kordiyeritin kimyasal formulindeki
(2Mg0.2Al1,0,.5Si0,) sitokiyometriye uygun olarak kanstirimistir. Ha-

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 Stnger A.S. were used. As so-
urce of MgO to derive the cordiorite base to constitute the cera-
mic configuration, sinter magnesia as source of AlL,O, Kaolen
which accommodates Al,O; and SiO., simultaneously in its com-
position and as SiO, 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.2A1,0,.55i0,). In all mix-
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zirlanan tUm  kangimlarda MgO:AL,O4:SiO, mol oranlar agirlikca
13,7:34,9:51,4 olacak sekilde ayarlanmistir. Ayrica nihai Grtn 6zellik-
lerine etkisini incelemek amaciyla 10 mikron incelikte tane boyutuna
sahip SiC agirlikga ytzde 10, 20, 30, 40, 50 seklinde artan oranlar-
da kordiyerit karisimina ilave edilerek katkili receteler olusturuimus-
tur. Kullanilan hammadde kimyasal analizleri ile bu hammadde kari-
simlarindan hazirlanan receteler Tablo 1 ve 2'de verilmistir.

Tablo 1. Hammaddelerin kimyasal analizi (2) (Agirik¢a %)

tures prepared, MgO.Al,O;:SiO, 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.

Table 1. Chemical analysis of raw materials (By weight %)

Hammaddeler Raw materials MgO ALO; SiO, CaO TiO, Fe,0; K.O Na,O AZ
Magnezya Magnesia 96,47 0,33 097 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 képiik filtre Gretimi i¢in hazirlanan karisimiar.

Table 2. Mixtures prepared for production of cordiorite foam filter

Karisim Oranlar (Agirlikca %) Mix ratios (By weight %)
Hammaddeler Raw materials G C G C G
Kaolen Kaolin 8291 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 4.40 391 3.42 2.93 2.45
SiC 0 20 30 40 50
2.2. Sekillendirme 2.2. Shaping

Literatirde seramik kopUk filtre Uretimiyle ilgili yapilmis ¢alis-
malarda seramik gamur igerisindeki kat madde miktarinin blyudk
6nem arz ettigi deney sonugclarindan anlasimistir. Kordiyerit ve
SiC esasli filtre malzemesi Uretiminde seramik gamurdaki kati
madde miktari artiginda mukavemet degerlerinin énemli derece-
de arttigi gortimusttr [4,5]. Bu bulgulardan yola gikarak replikas-
yon yoéntemiyle polimer stnger ylzeyine kaplanacak en ylksek
kati madde icerikli seramik sollsyon eldesi icin Tablo 2'de veri-
len hammadde karigimlar farkli kati/su oranlarinda karistirilarak
sulu solUsyonlar haline getirilmistir. C, kodlu recetedeki hammad-
delerden en ylUksek kati icerikli akiskan sollUsyon yluzde 58 ka-
tixylzde 42 su karigiminda ve yUzde 0,6 oraninda Darvan-821A
dispersant ilavesi ile hazirlanmistir. SiC katkis yapilarak hazirla-
nan yUzde 58 kati igerikli solusyonlarda artan SiC katkislyla birlik-
te akiskanligin arttigr gézlemlenmistir. Akiskanliktaki bu artisin, bu
sollisyonlardan hazirlanan numunelerde kaplama kalinliginin
azalmasina neden oldugu gozlemlenmistir. Bu nedenle SiC kat-
kil ttm solUsyonlarda kaplamanin gergeklestirilebilecegi en yUk-
sek katl madde oranlari belirlenerek soldsyonlar hazirlanmis ve
daldirma yéntemi ile polimer stnger Uzerine kaplama yapilarak
filtre numuneleri elde edilimis-
tir. Kaplama kalinhgini arttir-
mak amaclyla ayni receteler-

Tablo 3. Daldirma ve spray kaplama soliisyonlannin % kati oranlar.

Table 3. Percent solid matter ratios of dipped and spray coating solutions

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 C, 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

den hazirlanan ilk kaplamaya Soliisyondaki % Kat: Oranlar:
5r h kiskan soll n- % solid matter ratio in solution
gore daha akig ?v_ S_O usyp ) Soliisyon 1. Kaplama (Daldirma)
larla spray teknigi ile ikinci Solutions 1. Coating (Dip)
kaplama islemi gerceklestiril- | © 58.01
mistir. Daldirma ve spray kap- G 6225
lama igin belirlenen en yuksek G 65.00
L . . G 66.41
kati icerikli solusyonlarin ylz- c e
de kati oranlari Tablo 3'de : :
- G 71.52
verilmistir.

g: Iéﬁa”ifn?(s(ifiﬁ)y) coating, prepared from the same
40.00 recipes to increase the thickness
4250 of the coating. The percentage so-
45.00 lid matter ratios of solutions with
égzg highest solid matter content deter-
55 mined for dipping and spray co-

ating are given in Table 3.
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s 2.1.3. Sintering

2.1.3. Sinterleme %0
Sinterleme prosesinde po- '
liretan sdngerin seramik ya-
ply! tahrip etmeden yapidan
uzaklastinimast igin uygulana-

~ DTA —+ TGA]

In determining the heating re-
gime to be implemented to remo-
17 ve the polyurethane sponge from
the structure without destroying
the ceramic structure in the sinte-

cak isitma rejiminin belirlen- LT

mesinde Shimadzu marka i =
DTG-60H model DTA cihazin- | & -
da yapilan DTA-TG analizin- 20 4

deki veriler dikkate alinmistir
(Sekil 2).

DTA analizinde reaksiyon-
larin 220 °C’de bagslayip 600

Sacakbk (°C)

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-
12 deration (Figure 2).

It was determined that in DTA
analysis, reactions started at 220

TGA {rmgh

°C’e kadar devam ettigi ve b
400 °C civarinda stingerin ok-
sijen ile yanma reaksiyonu ne-

Sekil 2. Politiretan siingerin DTA-TG analizi. Figure 2. DTA-TG analysis of polyurethane sponge

v °C and continued until 600 °C and
at about 400 °C, the highest loss of
weight occurred due to the com-

ticesinde en fazla agirhk kay-

binin gerceklestigi TGA analizi ile tespit edilmistir. Bu verilerden
polimer esasli singerin yaplyi tahrip etmeden uzaklagtirimasi
icin s6z konusu sicakliklarda yavas isitma hiziyla isitimasi ge-
rektigi dusdnulmastdr.

Sinterleme islemleri seramik tipld Protherm marka PTF 14
model firinda 1°C/dk i1sitma hizinda 600 °C'ye kadar, 5°C/dk isit-
ma hizinda 1350 °C ye kadar isitilarak ve bu sicaklikta 1 saat su-
re bekletilerek gerceklestiriimistir. Sinterleme sonrasi elde edilen
nihai drtinler (Sekil 3) karakterizasyon testlerine tabi tutularak
Ozellikleri karsilastirmali olarak irdelenmistir.

Sekil 3. C, kodlu
kordiyerit esash filtre
numunenin sinterleme
sonrasi goruntust.

2.1.4. Karakterizasyon

Kordiyerit esasl képuk filtre numuneleri Uzerinde kugulme,
bulk ve gercek yogunluk, G¢ nokta egme ve basma mukavemeti
testleri, XRD ve SEM analizleri ile karakterizasyon ¢alismalari ya-
pilmistir. Buttn fiziksel ve mekanik testlerde her seriye ait 5'er
adet numune kullaniimistir. Elde edilen sonuclar 5 degerin orta-
lamasi olarak standart sapmalari ile birlikte Tablo 4'de verilmistir.

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 1°C/min. heating tempe-
rature up to 600 °C and at 5°C/min. heating rate up to 1350 °C and
awelling 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.

Figure 3. Post sintering
look of C, cordierite based
fillter specimen

2.1.4. Characterization

Reduction, bulk and actual density, three point bending and
compression strength tests, XKD 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.

Tablo 4. Kordiyerit esasl numunelerin karakterizasyon test sonuclari.

Table 4. Characterization test results of cordierite based specimens.

Numune Kiiciilme Yogunluk |  Gercek Yogunluk Egme Mukavemeti Basma Mukavemeti
Specimen Shrinkage Bulk Density True Density Bending Strength | Compression Strength
(%) (gfem’) (gferr’) (MPa) (MPa)

Co| 2077 +0.60 0.47 +0.005 249 +0.28 0.40 +0.10 0.27 +0.06

G| 16.88+0.53 0.48 + 0.003 2.51+0.14 0.61 +0.12 0.50 + 0.09

C | 1632+096 0.42 + 0.004 2.56 +0.38 044 +0.10 0.26 + 0.09

G| 1520+1.06 0.44 = 0.010 2.67+1.10 0.43 £0.15 0.30 £ 0.12

C.| 1291+1.10 0.42 + 0.001 2.69 £0.15 0.40 0.09 0.27 +0.09

G 6.75+0.33 0.41 + 0.007 2.85+0.24 0.62 +0.09 0.52+0.10
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Kugulme davraniglarinin tespitinde 5cmx2,5cmx2cm ebatla-
rinda hazirlanan numunelerde boyutsal degisimler sinterleme is-
lemi Oncesi ve sonrasi 0.001 mm hassasiyetli kumpas yardimi ile
olctlmusttr. Numunelerdeki yizde(%) kugulmeler; [((ilk uzunluk-
son uzunluk) / ik uzunluk)*100] formuline gore hesaplanmistir.
Sinterleme iglemi sonrasi elde edilen nihai numunelerin gercek
yogunluklar (bosluksuz) TSE 4400 standardinda belirtilen “Sera-
mik malzemelerin piknometre ile gercek yogunluklarinin tayini’ne
gore yaplimistir (Sekil 4).

Uc nokta egme mukavemeti testi kiictilme testi icin hazirla-
nan 5cm x 2,5 cm x 2 cm ebatlarindaki numuneler Gzerinde ¢ek-
me cihazinda 3 nokta egme dlzenegi kurularak ve cihaz basma
moduna getirilerek yapiimistir (Sekil 5). Basma mukavemeti testi
2,5cmx 2,5 cm x 2cm ebatlarinda hazirlanan numuneler Uzerin-
de ¢cekme cihazinda standart basma plakalar kullanilarak ve
cihaz basma moduna getirilerek yapiimistir.

In determining reduction behavior, dimensional changes in
specimens prepared in bcmx2,5cmx2cm 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 5cm 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.
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Sekil 4. C, kodlu kordiyerit esasl filtre numunenin sinterleme sonrasi goriintiisi.
Figure 4 . Percent reduction and actual densities of cordiorite based foam filter specimens.

Kordiyerit esasli képtk filtre Uretiminde SiC katkisinin nu-
munelerin teknik ¢zelliklerinin yani sira faz degisimine olan et-
kisini irdelemek amaciyla XRD analizi yapilmistir (Sekil 6).

Kordiyerit esasl kopuk filtre Uretiminde sinterleme prosesi
sonrasl malzemelerin mikroyapilarini incelemek amaciyla SEM
analizleri yapilimistir. C, kodlu ylzde 10 SiC katkili kordiyerit nu-
muneye ait SEM analiz gérunttst Sekil 7’de verilmistir.

3. SONUCLAR VE TARTISMA

Sekil 4'de verilen kugulme test sonuglarinda, silisyum kar-
bar katkisiz kordiyerit numunesinde kaolenin kristal suyunun
uzaklasmasi ve stngerin yanmasi neticesinde ytzde 20 mer-
tebesinde agirlik kaybl meydana gelmistir. Bilesime artan oran-
larda giren SiC ve buna bagli olarak kaolen miktarinin azalma-
sl ile bilesimdeki elementlerin farkl atomik difizyon katsayilari,
ylizey enerijisi ve tane boyutundan dolayi sinterleme kinetiginin
de degismesine neden olmasiyla ylzde (%) klgllme oranla-
rinda azalma meydana getirmistir. Ayrica XRD analiz sonugla-
rinda da bahsedildigi Uizere SiC’tin normal hava ortaminda sin-
terlenmesi neticesinde olusan kristobalit fazinin meydana geti-
recegi hacimsel artisin da bu kigullme oranlarindaki azalmada
etkin oldugu séylenehbilir.

Numunelerin gercek yogunluk degerlerinin 2.49-2.85
gr/cm® arasinda degistigi ve SiC katkisl ile gercek yogunluk
degerlerindeki artisin SiC’tn kordiyerit fazina goére daha yuk-

Sekil 5. Kordiyerit esash kopiik filtre numunelerin ii¢ nokta egme 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 C, 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/en? and it is believed that the increase in the actual densities
with addlition of SiC stems from the fact that SIC has a higher the-
oretical density compared to the cordiorite phase. Also, it is possib-
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Sekil 6. Kordiyerit esash ve SiC katkili numunelerde XRD analiz sonuglar1.
Figure 6 . Results of XRD analysis on cordiorite based and SiC added specimens

sek teorik yogunluga sahip olmasindan kaynaklandigi disu-
nulmustdr. Ayrica yogunluk artisinin da daha az bosluk olus-
masina neden olmasi ve bu durumda sinterleme igleminin bos-
luk azaltici bir etki yapmasindan dolayi kiictlme sonuclarinda
go6zlemlenen azalmada etkili oldugu dustntimustar. Sekil 5'de
verilen (¢ nokta egme mukavemeti test sonuglari irdelendigin-
de, katkisiz kordiyerit numunelerde 0.40 MPa olarak ¢lculen
mukavemet degeri ytzde 10 SiC katkisi ile 0.61 MPa’a artmis-
tir. Bu katki oranindan itibaren SiC katki orani arttikga mukave-
met degerlerinin dlstigu ancak yine de katkisiz kordiyerit nu-
munelerinkinden ylUksek oldugu goértimustir. Yizde 40 SiC
katkisinda katkisiz kordiyerit numune ile ayni mukavemet de-
geri elde edilirken yuzde 50 SiC oraninda ise ylzde 10 SiC kat-
ki oraninda elde edilen deger gibi yuksek mukavemet degeri
elde edilmigtir. Basma mukavemeti test sonuclarinda ise, U¢
nokta egme mukavemeti sonuclarina benzer sekilde ytuzde 10
ve 50 SiC katki oranlarinda en ytksek mukavemet degerleri el-
de edilmistir. Ancak elde edilen degerler egme mukavemeti
degerlerinden dustk ¢ikmistir. Elde edilen bu bulgular litera-
tirde benzer konuda yapilmis bir calismada hazir kordiyerit to-
zu kullanilarak ylzde 50 katixylzde 50 sivi oraninda hazirlanan
seramik solUsyon ile kaplama sonrasi sinterlenen 6rneklerin
karakterizasyonu sonucu elde edilmig bulgular ile karsilastiril-
mistir [4]. igili literattirde 21 kg/m® (~20PPI) yogunluktaki stin-
gerden Uretilen kordiyerit malzeme bulk yogunlugu 0.29 g/cm?
ve basma mukavemeti 0.24 MPa olarak verilmistir. Bu veriler
makalede yapilan ¢alismalarda elde edilen verilerle mukayese
edildiginde, yuzde 10 ve yUzde 50 SiC katkili kordiyerit numu-
nelerde basma mukavemeti ve bulk yogunluk degerleri litera-
turdeki degerlerin yaklasik 2 kati iken diger numunelerde bas-
ma mukavemeti degerleri birbirine yakin fakat bulk yogunluk
degerleri literatlrdeki degerden yine yUksek oldugu anlasil-
mistir. Bulk yogunluk degerlerinin tim serilerde literatirdekine
kiyasla yuksek cikmasi spray kaplama ile kaplama kalinliginin
dolaysiyla birim hacimdeki seramik kati miktarinin artmasindan
dolayidir. Diger taraftan literattrde dikkat ceken bir husus ise
stnger ylUzeyine kaplanan seramik soltsyon kati oraninin yUz-
de 50 mertebesinden ylizde 55-60 ve 65 oranina kadar artiril-
diginda mukavemet degerlerinin 1,5 MPa seviyesine kadar art-
tigidir. Dolayisiyla matris yapidaki seramik kaplama malzeme-
sinin kalinligi ve miktari yogunluk ve mukavemet degerlerinde
bUylk 6nem arz etmektedir.

SE6 s

Sekil 7. Yiizde 10 SiC katkih kordiyerit kopiik filtre numunesinin mikroyap: goriintisii. (Agik
gozenekli hiicre yapist ile birlikte SiC'iin oksitlenmesinde agiga ¢ikan gaz kabarciklarin geride
biraktig1 gozenekli yap: goriintiisii)
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)

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/n? (~20PPI)
was given as 0.29 g/cnt 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
1,56 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.
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Sekil 6’da verilen XRD analizi sonuglarinda 1350 °C sicak-
likta 1 saat sUre ile sinterlenen numunelerde katkisiz kordiye-
rit esasl numuneye ait XRD analizinde kordiyerit fazinin tim
piklerinin olustugu ve beklendigi Uzere faz déntsimU tama-
men saglanmis kordiyerit malzeme Uretiminin gerceklestigi
anlasiimistir. Yizde 10 SiC katkisinda SiC fazina ait karakte-
ristik piklerin cogu gézlemlenmemistir. Ytzde 20 SiC katkisin-
daise SiC fazina ait tm piklerin ortaya ¢iktigi ve bu katki ora-
nindan sonra SiC’e ait pik siddetlerinin katki oraninin artisi ile
paralel olarak arttigi ve kordiyerit fazina ait karakteristik pikle-
rin siddetlerinde azalma oldugu tespit edilmistir. Ayrica
26=21.6"de kordiyerit piki olarak isaretlenen pikin ayni za-
manda kristobalit piki ile de ¢akismasi ve artan SiC oranina
bagli olarak bu pik siddetindeki artisin SiC’un oksitlenmesi ile
meydana gelen kristobalit fazina ait oldugu anlasiimistir. Kris-
tobalit fazinin varhgr ile kordiyerit sitokiyometrisindeki gereken
miktardan fazlaca SiO, olmasi da spinel fazi olusumuna ne-
den olmustur.

Sekil 7°de verilen SEM analiz gérintust acik gozenekli
hicre yapisindan alinmistir. Genel itibari ile seramik yapinin
camsl faz ile birlikte gdzeneklerden olustugu anlasiimistir. Go-
zeneklerin SiC’Un normal hava ortaminda sinterlenmesi neti-
cesinde oksitlenme reaksiyonu neticesinde aciga c¢lkan
CO’nun geride biraktigi bosluklar oldugu dudstuntimustar. S6z
konusu bu mikro gézeneklerin, bu tir gdézenekli seramik mal-
zemelerin katalitik kullanimlarinda ytzey alanini arttirdigindan
donusUm verimini arttirict etkisi olacagi dustintlmektedir.

4. SONUCLAR

Kordiyerit esasli seramik filtre Uretimi ve karakterizasyonu-
na yonelik bu ¢alismada SiC katkisinin ytzde 10 oraninda kul-
lanildiginda, sekil bozukluklari ve boyut toleransindan sapma
gibi olumsuzluklara neden olabilecek kiculme oraninda azal-
ma sagladigl, yogunluk ve mukavemet degerlerinde olumlu
katkilar sagladigi ve kordiyerit faz yapisinda énemli degisikli-
ge neden olmadigi anlasiimistir. Ekonomik agidan degerlendi-
rildiginde kordiyerite gére daha avantaj saglayan ytzde 10 ve
ylzde 50 SiC katkilarinda hemen hemen ayni performansta
malzeme Uretimine imkan veren yldzde 10 SiC katkisinin daha
avantajll olacagl dtstndlmustdr.

5. ONERILER

Kordiyerit esasli seramik filtre malzemesi Uretiminde SiC
katkisinin ve spray tekniginin yani sira sekillendirilmis filtre nu-
munelerinin bir 6n sinterleme islemi ile singer malzemenin
yapidan uzaklastirilarak elle tutulabilir yeterlikte mukavemete
eristiginde yeniden kaplama islemi uygulanarak malzeme
ozellikleri gelistirilebilir.
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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 °C 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
2e=21.6" 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 SiO, 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 % SiC addi-
live 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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