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Ozet - Ekonomik gelisme ve refah seviyesi ile beraber artan motorlu tagitlar hava kirliligini de beraberinde getirmektedir. I¢ten
yanmali motor (IYM) kaynakl1 Partikiil Madde (PM) emisyonlar1 kontrolii oldukca zor ve insan saglhigi i¢in son derece zararli
emisyonlardir. Gelisen egzoz gazi aritma sistemi teknolojileri ile beraber Avrupa ve ABD’de getirlen Emisyon Standartlar
motorlu tasit kaynakli emisyonlara 6nemli sinirlamalar getririlmistir fakat artan tasit sayisi sebebi ile bu emisyonlar insan sagligi
icin 6nemli tehlike olmaya devam etmektedir. Partikiil Filtresi (PF) giiniimiizde partikiil kontrolii i¢in en etkin yontemdir ve dizel
motorlarda Dizel Partikiil Filtresi (DPF) egzoz gazi aritma sistemlerinin en 6nemli parcalarindandir. Bununla beraber
ontimiizdeki yillarda uygulamaya gececek olan yeni yonetmelikler ile beraber benzinli motorlarda da (6zellikle dogrudan yakit
enjeksiyonlu motorlarda) Benzin Partikiil Filtresi (GPF) olarak kullanilmasi beklenmektedir. Partikiil Filtreleri gozenekli yapilar
sayesinde adeta bir ¢ay siizgeci gibi Partikiil Maddeleri (PM) egzoz gazindan ayirirlar. Daha sonra PF’si igerisinde biriken bu
PM’lerin egzoz geri basincinda asir1 yiikselmelere sebep olmamasi i¢in yakilarak gaz halinde disar1 atilmasi gerekmektedir.
Rejenerasyon olarak isimlendirilen bu iglem, bir PF’nin hangi termal ve mekanik 6zelliklerde olmasi gerektigini belirler.

DPF olarak kullanilacak malzemelerde aranan genel ozellikler; yiiksek sicaklik kararlilign ve dayanmimi (~1400°C), korozyon
dayanim, yeterli mekanik mukavemet (>12 MPa), diisiik termal genlesme katsayisi (1,0 - 1,5x10-6/°C, ~800°C’de), olusabilecek
termal gerilimin etkilerini azaltmak i¢in iyi derecede 1s1l iletkenlik ve yakit tiiketimini azaltmak i¢in diisiik agirliktir. Siilfiir
iceren ekzoz gaz bilesenlerine karsi iyi korozyon ve oksidasyon dayanimi gereklidir. En 6nemlisi %90’1n {izerinde filtrasyon
ozelligine sahip olmalidir. Giiniimiizde bu 6zellikleri karsilayabilecek filtreleme malzemesi olarak seramikler 6n plandadir. Suan
hali hazirda kullanilan ticari DPF’ler Kordiyerit, SiC, Mullit, Al-titanat ve FeCrNi alagimidir. Kordiyerit Mg-Al silikat fazidir
ve dogada bulunan kaolin, talk gibi hammaddelerden iiretildigi i¢in olduk¢a ekonomik olup en yaygin kullanilan altlik
malzemesidir. Diger avantajlart; diisilk yogunluga sahip olmasi yani dolayistyla hafif olmasi, ¢ok diisiik 1s1l genlesme katsayis1
nedeniyle minimum termal gerilimlerin olusumu, diisiik sinterleme sicakligi ve 6zel bir firin atmosferine ihtiyag olmamasi
nedeniyle tiretimi kolaydir. Diger yandan diisiik 1s1l iletkenlik rejenerasyon esnasinda problem olusturur ve DPF’nin bazi
bolgelerinde sicaklik kordiyeritin ergime sicakligina ulasabilir. Diger altlik malzemesi SiC’diir. SiC yiiksek 1s1l iletkenlik, elastik
modiil, servis sicakligi ve korozyon dayanimi ile 6n plana ¢ikmaktadir. Mullit, SiC ile benzer 1s1l genlesme katsayisina sahiptir.
Yiiksek mukavemet ve yiiksek sicaklik dayanimi gosterir. Kil gibi ekonomik hammaddeler kullanilarak, 6zel atmosfer
kosullarma gereksinim olmaksizin sinterlenir. Bu acidan oldukca ekonomiktir. Diger malzeme Al-titanattir. Onde gelen dzelligi
diistik 111 genlegme katsayisindan dolayr mitkemmel termal sok dayanimidir. Fakat elastik modiilii ve mekanik dayanimi zayiftir.
Metal filtreler dis aksam ile benzer 1s1l genlesme katsayisina sahip olduklar i¢in montaji kolaydir. Sinterlenmis metal filtrelerin
en onemli dezavantaji baslangi¢c metal tozlarinin pahali olmasi ve karmasik kaynaklama prosesi nedeniyle pahali oluslar1 ve
yiiksek yogunluga sahip olmalaridir. DPF’lerden istenen 6zellikleri degerlendirdigimizde SiC altliklar performans agisindan 6n
plana ¢ikmaktadir.
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Particulate Filters for Internal Combustion Engines

Abstract- Increasing number of motor vehicles together with economic development brings serious air pollution problems.
Especially, Particle Matter emissions from Internal Combustion Engines are difficult to control and highly dangerous for human
health. Both Europa and USA have been regulating the emissions from motor vehicles for a long time, but air pollution is still a
major concern for human health due to increasing number of motor vehicles. Today, Particle Filters (PFs) are the most effective
technology to minimize PM emissions from motor vehicles and a Diesel Particle Filter is one of the most important parts of a
diesel after-treatment system. In addition, it is expected that even gasoline engines, especially those with direct injection systems,
will be equipped with Gasoline Particle Filters (GPFs) due to the future update of the relevant regulations. Because of their
porous structure PFs can easily filter exhaust gas and accumulate PMs in the PF just like a tea filter, which is used commonly in
kitchens. Once the accumulated PMs reach a critical level inside the PF, which may cause increasing back pressure for the
engine, they must be burn out and emitted to atmosphere in gaseous form; which is called Regeneration process. This process
is highly important as it sets limits to thermal and mechanical properties of a PF.
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General characteristics of materials to be used as DPF; low thermal expansion coefficient (1,0 - 1,5x10%/ °C, ~ 800°C), high
temperature stability (~ 1400°C), corrosion resistance, sufficient mechanical strength (> 12 MPa) good thermal conductivity to
reduce the effect of thermal stresses and low density to reduce fuel consumption. Good corrosion and oxidation resistance is
required against sulfur-containing exhaust gas components. Most importantly, it should have over 90% filtration capability.
Nowadays ceramics are popular as the filtering material that can meet these properties. The commercial DPFs currently used are
Cordierite, SiC, Mullit, Al-Titanate and FeCrNi alloy. Cordierite is Mg-Al silicate phase and this is produced from natural raw
materials such as kaolin and talc, so it is very economical and it is the most commonly used substrate material. Other advantages
include; it has low density and therefore is light, due to low thermal expansion coefficient minimum thermal stresses reveal, low
sintering temperature and hence easy production procedures and so no need for a special furnace atmosphere. On the other hand,
low thermal conductivity creates a problem during regeneration and in some regions of the DPF the temperature can reach the
melting temperature of cordierite. The other substrate material is SiC. SiC is at the forefront with its high thermal conductivity,
elastic modulus, and service temperature and corrosion resistance. Mullite has a coefficient of thermal expansion similar to that
of SIiC. It has high strength and high temperature resistance. It is sintered without special atmospheric conditions by using
economical raw materials. It is very economical in this respect. The other material is Al-titanate. Its leading feature is its
excellent thermal shock resistance due to its low thermal expansion coefficient. But the elastic modulus and mechanical strength
are poor. The metal filters have a similar coefficient of thermal expansion to that of the external components and are therefore
easy to install. The main disadvantage of sintered metal filters is that they are expensive due to the high cost of the starting metal
powders and the complicated welding process and high density. When we evaluate the properties required from DPFs, SiC
substrates are at the forefront in terms of performance.
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