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Ozet

Bu calismada seramik ve polimerlerin ozellikleri
ve Uretim yontemleri, gelisimi ile birlikte ele
alinarak, ortak kullanim alanlari ve bu konudaki
yenilikler hakkinda bilgi verilmistir. Ornek bir
seramik-polimer kompozit kaplama islemi ve
karakterizasyonu ele alinarak, kaplama uygula-
mala rinda dikkat edilecek kriterler ve saglanacak
avantajlar belirtilmistir.

1. Giris

Seramikler ve polimerler malzeme biliminin iki
temel malzemesidir. Seramik malzemeler genel
olarak, dusuk tokluk ve stineklikte olup sert ve
kirilgandir. Buna karsin polimerler hafif, genel
olarak esnek, seramiklere nazaran disuk cekme
dayanimina sahiptirler. Seramikler yliksek
sicakliklara dayanikli malzemelerdir. Zira seramik
kelimesi Yunanca pisirilmis anlamina gelen “ker-
amos” kelimesinden gelmektedir. Polimerlerde
ise bu durum tam tersidir. Genel olarak polimer-
ler yiiksek sicaklik uygulamalart igin kullanisli
degillerdir [1].

Seramik uretimi eski ¢aglardan beri gergeklestir-
ilmekte olup arkeolojik buluntular seramik treti-
minin M.0. 6500 yillarina tarihlenebilecegini
ortaya koymustur [1]. Seramik endstrisinin en
temel taslarindan birisi olmasidir [1]. Modern
anlamda polimer isleme teknolojilerinin
gelisimine onculik eden en onemli ve itk ham-
madde sicak tropik iklimlerde yetisen kaucuk
agacinin sutimsu 6zsuyu olan sivi lateks mad-
desinden elde edilen dogal kaucuk olmustur. Elde
edilen veriler bu malzemenin 15. ylizyilin
sonlarinda islendigini isaret etmektedir [2].
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Abstract

In this study, the properties and producing
methods of the ceramics and polymers were
taken up with their development; however,
about the common usages and the innova-
tions of them were also informed. A model
experimental study on ceramic-polymer com-
posite coating and its characterization was
addressed and criteria to be considered in
application of coatings and advantages to be
derived are summarized.

1. Introduction

Ceramics and polymers are the basic materi-
als of the materials science. Ceramic materi-
als have low toughness, ductility and they are
hard and brittle, generally. On the other hand,
polymers are flexible and they have low ten-
sile strength compared to the ceramics.
Ceramics have high strength to the high tem-
peratures. In addition to this, the word of
ceramic comes from Greek, which means
heated at high temperatures. Extremely
opposite condition is seen in polymers. In
general, polymers are not useful fort he high
temperature applications (except some poly-
mers)

Ceramics have been produced from the early
ages; however, Archaeological findings have
exposed, that ceramic production have began
B.C. 6500. The main property of the ceramic
industry is to be a cornerstone to the other
industries. The most important and funda-
mental raw material on modern meaning for
plastic working technology is natural rubber,
which is a liquid of a tropical tree called as
latex. The data show the ends of 15. Century
for the working of this material.




Her ne kadar seramikler ve polimerler 6zellik
bakimindan birbirinden cok farkli malzemeler
olarak gorinseler de bu malzemelerin tretim-
lerindeki benzerlikler gozden kagmamaktadir.
Asagida seramiklerin ve polimerlerin Uretiminde
benzerlikler gosteren metotlar anlatilmaktadir.

2. Uretim Yontemleri

Seramik urinlerde tanelerin bir araya getirilmesi
kuru veya sivi kosullarda gesitli yontemlerle
yapilir. Seramik endustrisinde genellikle soguk
sekillendirme yontemleri kullanilir ve az miktarda
sicak presleme yapilir. Polimerde ise polimeri-
zasyonun saglanmasi amaci ile sicak sekil-
lendirme yontemleri tercih edilmektedir [4].

2.1 Baski Kaliplama

2.1.1 Seramik Malzemeler igin

Seramik taneli hammaddeler belirli sekillerde
drdnler elde etmek igin kuru veya yas olarak
kalipta basilabilir.

Kuru Presleme: Bu yontem, yiiksek sicakliga
dayanikli seramikler (refrakterler) ve elektronik
seramik parcalari gibi Urlinlerde yaygin olarak
kullanilmaktadirlar. Kuru presleme, toz halindeki
malzemenin su ve/veya organik baglayiciyla tek
eksenli bir kalip icerisinde sikistirilmasi ve
sekillendirilmesidir. $Sekil 1'de seramik tozlarinin
basit sekilli bir par¢a halinde preslenmesi
gorilmektedir.

However much ceramics and polymers are
too different to each other according to the
their properties, the similarities of their pro-
duction are noticed. The similarities between
ceramic and polymer production are told fall
below.

2. Production Methods

The grains on the ceramic products come
together by different methods under dry or
wet conditions. In general, dry shaping meth-
ods are used in ceramic industry and hot sin-
tering methods are rarely used in these appli-
cations. On the other hand, the hot shaping
methods are used on polymer production to
supply polymerization.

2.1 Compression Moulding

2.1.1 For Ceramic Materials

The raw materials of ceramic grains can be
compressed as dry or wet in moulds to have
definite shaped products.

Dry Compression: This method is commonly
used to produce refractories and electronic
materials. Dry compression is compression of
powders as single axis with water and/or
organic binders and shaping them. The shap-
ing of ceramic powders to simple shaped
materials is seen in Figure 1.

Sekil 1. Seramik Uretiminde kullanilan kalip [4]
Figure 1. Press mould for ceramic manufacture
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Sicak Presleme: Bu yontemde presleme ve sin-
terleme islemleri bir arada yapilarak yuksek
yogunlukta ve daha iyi mekanik ozelliklere sahip
parcalar elde edilmektedir. Presleme tek eksenli
veya esbasingli olarak yapilabilmektedir.
Sinterleme sicakligi mutlak ergime sicakliginin
yarisi mertebesindedir. Bu da sinterleme
sicakliginin ¢ok yiiksek sicakliklar oldugunu
gostermektedir.

2.1.2 Polimer Malzemeler igin

Bu yontem tiim polimer Uretim yontemlerinin
icerisinde en eski olanidir. Baski kaliplama icin
gereken malzeme katki maddeleri ile birlikte
kalin taneler halindedir (kalip tozu). Kaliba
yerlestirilen toz numunelere ayni anda basing ve
sicakligin uygulanmasi ile malzeme akiskan ve

homojen bir plastik haline gelerek kalibr doldurur

ve kalibin seklini alir. Kullanilan sicakliklar 105-
140 °C arasinda degisir. Termoplastik malzeme-
ler icin 1sil cevrim sarti da goz online alinarak bir
sicaklik araligi secilmelidir. Sekil 2'de polimer

Hot Compression: The compression and sin-
tering operations are applied together in this
method. Therefore, materials, which have
higher densities and better mechanical prop-
erties, are produced by using this method.
Compression can be applied as single axis or
isostatic. Sintering temperature is near the
half of the melting temperature. This means
sintering temperatures reach high values.

2.1.2 For Polymeric Materials

This is the oldest polymeric production
method. The required material for this method
Is a mixture of additives and big grains called
as mould powder. The powders become vis-
cose and take the shape of mould homoge-
neously by applying pressure and heating at
the same time. The range of temperature is
105-140 °C. The range of temperature for the
thermoplastic materials should be chosen
according to their thermal cycle. Figure 2
shows first compression machine used for
polymeric materials.

malzemeler icin kullanilan ilk pres gorilmektedir

[2].

2.2 Enjeksiyonla Kaliplama

2.2.1 Seramik Malzemeler igin

Seramik enjeksiyon kaliplama ¢ogu mihendislik
ve elektrik seramigi parcalarin tasariminda kul-
lanilan sirekli bir Gretim yontemidir. Bu yontem
baglayici iceren seramik tozlarinin gerekli sekli
alacak kalip gozline karistirilarak beslenmesini
icermektedir. Bu sekiller baglayicilarin termal
buharlastirma veya solvent ylkama yontem-
lerinden birisi kullanilarak uzaklastirilmasi ile
saglanmaktadir. Daha sonra bu parcalar oksidan
ya da rediikdan atmosfer altinda 1800 °C merte-
belerinde sinterlenmek suretiyle guclendirilmek-

2.2 Injection Moulding

2.2.1 For Ceramic Materials

Ceramic injection moulding technique is
regarded as the preferred net-shape manu-
facturing method for making many precision
engineering and electrical ceramic compo-
nents. This process involves the mixing of
selected ceramic powder with binders to form
the feedstock, which is then moulded in a die
cavity to form the required component shape.
These shapes undergo a debinding process
where binders are removed by using either
thermal evaporation or solvent washing. The
parts are then consolidated in a sintering fur-
naces at temperatures up to 1800 °C, under

Sekil 2. Polimer tretiminde kullanilan pres [3]

Figure 2. The compression machine used for polymer pro-
duction




tedirler. Sekil 3'de bu proses sematik olarak
gosterilmektedir[5]. Pompa sistemlerinde
kullanilan sizdirmazlik contalari ve milleri
seramik enjeksiyon kaliplama yontemi (CIM] ile
uretilen somut érneklerden biridir [6].
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either oxidising or reducing atmospheres. This
process is shown schematically in Figure 3.

Shafts and bearings which are produced by
ceramic injection mould (CIM) used in pump
systems, they are one of the concrete sample.
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Sekil 3. Seramik enjeksiyon kaliplama [6]
Figure 3 Ceramic injection moulding

Seramik enjeksiyon kaliplama yontemi ozellikle
konvansiyonel sekillendirme yontemlerine gore
ucuz ve daha az is glici gerektiren bir yontem
olmasi itibariyle en avantajli seramik Uretim
yontemidir. Ozellikle karmasik sekilli parcalarin
seri imalatinda ideal bir yontemdir.

Mikron mertebesinde seramik tozlarin
kullanilmasi ile yliksek ylizey kaliteli, cok ince
taneli yapida ve teorik yogunluga yakin yogunlukta
urunler elde edilebilmektedir.

Bu yontem ile ¢esitli elektronik, optik, dental
seramik malzemeler Uretilmektedir. Sekil 4'de
seramik enjeksiyon kaliplama yontemi ile
uretilmis cesitli Urlnler gosterilmektedir.
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Ceramic injection moulding technology is the
most advantageous especially when conven-
tional machining methods are too expensive
or incapable to perform. It is ideal for parts
that are of a complex shape and where high
throughput rate and consistent quality are
crucial.

Using sub-micron ceramic power, products
have high surface finish, very fine grain struc-
tures and close to theoretical densities.

Various electronic, optical, and dental ceramic
materials are produced by using this method.
The different ceramic injection moulding prod-
ucts are showed in Figure 4.

Sekil 4. Seramik enjeksiyon yontemi ile tretilmis ¢esitli parcalar [5]
Figure 4. Different parts produced by ceramic injection moulding

2.2.2 Polimer Malzemeler icin

Enjeksiyonla tretim yontemi termoplastik
malzemeler i¢in en onemli kaliplama metodudur.
Enjeksiyonla kaliplama yontemi, metaller icin
uygulanan sicak haddeleme yontemine ben-
zetilebilir. Bu tur kaliplamada sicak haddelemede
oldugu gibi sicak islem surecleri aynen gecerlidir.

2.2.2 For Polymeric Materials
This is the best method fort he thermoplastic
materials. This method resembles to hot

rolling process on metalworking. The stages
are the same with the hot rolling method. The
plastic injection moulding machine is shown in
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Sekil 5'de plastik enjeksiyon kaliplama makinesi
gosterilmistir. Bu yontemde polimer hammadde
akiskan hale gelene kadar yiiksek sicakliklara
isitilir ve daha sonra dalgi¢ adi verilen piston
cubugu ile yiiksek basing altinda soguk ve kapali
bir kalip bosluguna itilir. Isitilmis olan bdlgeden
agiz bolgesine yiiksek basingla itilen parca burada
nihai seklini almaktadir. Burada dikkat edilecek
husus kalip girisi bolgesinde malzemenin ince
tabakali olmasidir [2,3].

Figure 5. In this method, raw material is heat-
ed high temperatures to obtain the flow then
compression is applied by using a piston
called as ram to put this heated and com-
pressed material to the cold and closed mould

gap. The heated and compressed piece takes
its final shape. Being fine layered is important
for the materials, which come to the nozzle/
gate of the injection machine.
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Sekil 5. Plastik enjeksiyon kaliplama makinesi [7,8]
Figure 5. Plastic injection moulding machine

Enjeksiyonla kaliplamadaki tstiin Gretim hizi bu
teknigin endustriyel kullanimi igin en blytk
avantajidir. Termoplastik malzemelerin baski
kaliplama prosesine kiyasla yaklasik on kat daha
fazla Uretim hizi, enjeksiyonla kaliplama prosesini
iscilik olarak oldukc¢a ucuzlatan bir etkendir. Bu
sebeple, enjeksiyon kaliplama karakteristik olarak
bir kitle-tretim teknigidir [2].

Endustride yaygin olarak kullanilan ve enjek-
siyonla kaliplanan polimer malzemeler arasinda
sunlar sayilabilir: seliiloz asetat, polietilen,

The fast production is the biggest advantage of
this method on industrial application.
Comparing the compression moulding
process, this method has ten times high
potential on the production rate and lower
worker’s pay than the compression moulding

method. So, it can be said that, injection
moulding is a characteristic mass-production
technique.

The materials, which can be shaped with
Injection moulding, are: cellulose acetate,




polivinilklordr, polipropilen, polistiren, poliakrilat,
poliklarbonat, politiretan ve poliasetal. Enjeksiyon
kaliplama yontemi ile poliamid (PA] ve poliasetal
(POM] malzemelerden uretilen disliler kimyasal
etkinin yuksek oldugu bulasik ve camasir
makinelerinde yaygin olarak kullanilmaktadir [9].
Sekil 6'da enjeksiyonla kalibinda tretilmis cesitli
malzemeler gosterilmektedir.

S
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polyethylene, PVC, polypropylene, polystyrene,
polyacrilate, polycarbonate, polyurathane, and
polyasethal. Gears produced with polyamid

(PA) and polyacetal (POM) materials are com-

monly used in the dishwasher and washing
machine which have high chemical effects.
Different materials produced by injection
moulding are shown in Figure 6.

Sekil 6. Plastik enjeksiyon kalibinda Uretilmis c¢esitli
malzemeler [10]

Figure 6. Different materials produced by plastic injection
moulding

2.3 Ekstriizyonla Kaliplama

2.3.1 Seramik Malzemeler icin

Seramik ekstriizyon kaliplama yontemi ¢cok ince
taneli refrakter ve elektronik seramikleri treti-
minde yaygin olarak kullanilan bir yontem olup,
methoseliiloz ve polivinilalkol gibi baglayicilari
icermektedir. Metal govde icerisine yerlestirilen
silindir piston 70000 Pa mertebesindeki
basinclara kadar kalibi preslemektedir. Diger bir
metot olarak ise balmumu parcalari ile kaplanan
silindir govdenin kaliba dogru kuvvetle
ittirilmesidir. Tmm c¢apindaki parcalar 0,1 mm’lik
bosluklarla bu yontemle iretilebilmektedir. Daha
blyiik captaki atik su borulari ise dikey pistonlu
ekstiizyon makinesinde uretilebilmektedir [11].
Sekil 7°'de seramik ekstriizyon makinesi sematik
olarak gosterilmistir.

2.3 Extrusion Moulding

2.3.1 For Ceramic Materials

Ceramic extrusion moulding is a common
method on the fine grained refractory and
electronic ceramics production and it includes
binders like; methacellulose and polyvynilalco-
hol. The body may be placed in the cylinder as
a preformed slug and forced through the die
at pressures up to 70000 Pa . Another method
adds the shredded body with a wax binder to
the cylinder, evacuates the cylinder, and
forces the body through the die. Pieces as
small as T mm diameter with 0.1 mm holes
may be made in this way. Larger sewer pipes
are made in a vertical piston extruder. The
ceramic extrusion machine is shown
schematically in Figure 7.

-----
-----

Sekil 7. Seramik ekstriizyon
makinesi [12]
O Figure 7. Ceramic extrusion

= machine
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2.3.2 Polimer Malzemeler icin

Endistride kullanilan cesitli ekstriizyon teknikleri
ile termoplastik ¢ubuklarin Gretimi
saglanmaktadir. Yine cubuklarla birlikte
termoplastik tiipler, seritler, ince levha ve filmler,
profil gibi yapisal parcalar da cesitli ekstriizyon
slrecleri ile Uretilmektedir. Sekil 9°da ekstriizyon
makinesi gorulmektedir. Ekstriizyon makinesini
sikilan bir dis macununa benzetmek mimkindir

[2].

Ekstriizyon islemi olduk¢a esnek oldugundan bir
makinede birkac degisik parca yapilabilir. Ornegin
islenmis plastik bir film icerisine hava uflenerek
tlip hatta plastik sise haline sokulabilir.

Ekstriizyonla sekillenen malzemeler arasinda
hem termoplastik hem de termoset polimerler
vardir. Bunlardan baslicalari soyledir; seliiloz ase-
tat, seliiloz biitirat, polivinilclorir, polietilen,
polipropilen, polistiren, poliakrilat, polikarbonat,
poliamid, politiretan ve poliasetal. Sekil 10°da
drdnler verilmistir.

Sekil 8'de Seramik ekstriizyona ait trtinler
verilmistir.

The ceramic extrusion-moulded products are
given in Figure 8.

Sekil 8. Seramik ekstriizyon makinesinden Uretilen cesitli
urtinler [13]

Figure 8. Some different products of the ceramic extrusion
moulding machine

2.3.2 For Polymeric Materials

The thermoplastic rods are produced by using
various extrusion techniques. In addition to
this, the structural pieces such that; thermo-

plastic tubes, tapes, thin layers and films, pro-
files are produced by using different extrusion
processes. An extrusion machine is seen in
Figure 9. It is possible to compare this instru-
ment with toothpaste tubing.

Sekil 9. Plastik ekstriizyon
makinesi [14]

Figure 9. Plastic extrusion
machine

Because of the flexibility of the extrusion
process, many materials can be shaped differ-
ently in a single machine. For example, a plas-
tic film even a tube can be shaped to a bottle
by blowing air into them.

Both of thermoplastic and thermoset poly-
mers can be shaped by using extrusion.
Cellulose acetate, cellulose butirate, PVC,
polyethylene, polyproplyne, TEFLON,
polystryne, polyacrilate, polycarbonate,
polyamide, polyurathane, and polyastal are the
mains. The products are given in Figure 10.




3. Seramiklerin ve polimerlerin kombinasyonu
daha dnceden de deginildigi gibi seramiklerin ve
polimerlerin ozellikleri her ne kadar birbir-
lerinden farkli olsa da bu malzemelerin birlikte
kullanilmalari ginimuz teknolojisinde giderek
onem kazanmaktadir. Musteri beklentileri ve
teknolojik gelisim, yeni malzemelerin gelisti-
rilmesini zorunlu kilmaktadir. iki veya daha fazla
sayidaki ayni veya farkli gruptaki malzemelerin,
en iyi ozelliklerini bir araya toplamak ya da ortaya
yeni bir 0zellik ¢ikarmak amaciyla, bu
malzemelerin makro seviyede birlestirilmesiyle
olusan malzemelere “Kompozit Malzeme” denir.
Baska bir deyisle birbirlerinin zayif yoninu dizel-
terek Ustln ozellikler elde etmek amaci ile bir
araya getirilmis degisik tir malzemelerden veya
fazlardan olusan malzemeler olarak da
adlandirilabilir [16].

Seramik ve polimerler gerek matris malzemesi
gerekse de takviye malzemesi olarak seramikler
ve polimerler siklikla kompozit malzemelerin
bilesenlerini olusturmaktadirlar. Seramik ve
polimer kompozit malzemelerden Uretilen yiliksek
performansli driinler endustride giderek
yayginlasmaktadir.

Seramik-polimer kompozitler (polycer) cesitli
calisma konularinda kullanilmaktadirlar. Tehlikeli
atiklarin ayristirilmasinda membranlar olarak
[17], ince filmler halinde dielektrik malzemesi
olarak [17], alternatif bor bilesiklerinin kullanimi
[18], biyobozunur implant malzemeleri [19], gaz
tirbinleri ve jenerator sistemleri [20] 6rnek olarak
verilebilir.

4. Ornek Deneysel Calisma

Kristal yapidaki cisimlerin kendilerine disardan
uygulanan basin¢ miktari ile orantili olarak elek-
trik Uretme ozelligine piezoelektrik denmektedir.
Bu calismada cok katmanli piezoelektrik bloklar
kullanilarak enlemesine bagli piezoelektrik
seramik-polimer kompozitlerin tretimi
anlatilmistir. Enlemesine bagli piezo-kompozitler,
bes piezoelektrik katmani ve dort iletken
katmanin kompozisyonundan olusmaktadir.
Piezoelektrik katman dislk sicaklikta sinterlen-

Sekil 10. Plastik ekstriizyon ile tretilmis trinler [15].
Figure 10. The materials produced by plastic extrusion machine

3. Combination of the Ceramics and Polymers
As mentioned before; however much, the
properties of ceramics and polymers are dif-
ferent to each other; using these materials
together are important and necessary in our
technology. The advance on the technology
comes together the high expectation from the
using materials. This expectation is met with
composite materials. Coming two or more dif-
ferent materials together to increase their
advantages or create a new property is called
composition and such these materials are
called as “Composite Materials”. Other words,
such these materials come together to
straighten their weak properties and solve
their problems on using.

Ceramics and polymers are often used in
composite materials. Ceramics and polymers
can be mostly used as matrix or reinforce-
ment materials in composite materials. The
high performance products made from
ceramics and polymers are becoming wide-
spread on the industrial applications.

Ceramic-polymer composites (polycer) are
used on different working branches. As mem-
branes for the separation of liquid waste, thin
films for dielectric materials, using alternative
boron compounds, biodegradable implant
materials, gas turbines, and generator sys-
tems can be given as examples.

4. Model Experimental Study

Piezoelectricity is the ability of some materials
(notably crystals and certain ceramics) to gen-
erate an electric charge in response to applied
mechanical stress. In this study, the fabrica-
tion of a piezoelectric ceramic-polymer com-
posite with transverse connectivity using
multi-layer piezoelectric blocks was told. The
transverse piezo-composite was fabricated
using multi-layer piezoelectric blocks, com-
posed of five piezoelectric layers and four
electrically conducting layers. The piezoelec-
tric part was composed of low temperature
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mis PZN-PZT'den olusmaktadir. iletken katman
ise PZN-PZT ve gimis karisimidir. Dis elektrotlar
PZN-PZT katmanlarinin ylzeylerine giimis pasta
seklinde sirtlmesi ile olusturulmustur. Sekil
11'de bu tabakalar sematik ve mikroskobik olarak
gosterilmistir [21].

Ag paste Ag paste

PZN-PZT/
PZN-PZT Ag

(A)

sinterable PZN-PZT, while the conducting part
was composed of a mixture of PZN-PZT and
Ag. The outer electrodes were prepared by
applying a thin silver paste on the face of the
PZN-PZT layers. These layers are shown
schematically and microscopically in Figurel1.

Sekil 11. Cok katmanli piezoelektrik blok: (A] boylamasina cevrilmis karsilikli elektrik katmanlarinin sematik gésterimi (B)

uretilen cok katmanli tabakanin optic mikroskop goriintusi [21].

Figure 11. Multi-layer piezoelectric block: (A] schematic illustration showing the application of the electric field to convert the
transverse mode into the longitudinal one and (B) optical micrograph of the fabricated multi-layer block.

Dikey olarak dizildikten sonra aralari epoksi ile
doldurulan katmanlar, 70°C" de 8 saat slre ile
kirlenerek kompozitler olusturulmustur. Sekil
12A'da iletken TiC-Ni plaka ile istif edilmis
piezo-kompozitin sematik olarak gosterilmistir.
Sekil 12B’de gorildigu gibi, bloklar dikey olarak
diizenlenmis ve tabakalar arasinda bos kalan
kisimlar epoksi ile doldurularak PZT-epoksi
kompoziti [yani seramik-polimer kompoziti)
olusturulmustur.

!—‘
Conducting
Plate (TiC-Ni)

Multi-layer PZ
block

(A) z-axis

The PZT block were arranged vertically, the
space between them was filled with an epoxy
and subsequently they were cured at 70 °C for
8 h. Figure 12A shows schematic illustration
of the piezo-composite with a conducting
facial TiC-Ni plate. The blocks were arranged
vertically, and then the empty space was filled
with epoxy, to form a PZT-epoxy composite
(this means a ceramic-polymer composite), as
shown in Figure 12B.

Sekil 12. Cok katmanli PZN-PZT bloklar kullanilarak dretilmis piezo-kompozit (A) sematik gosterim (B) %18 PZT ve %82

polimer iceren piezo-kompozit [21]

Figure 12. Pezo-composite fabricated using multi-layer PZN-PZT blocks (A} schematic illustration (B] piezo-composite with

18% PZT/ 82% polymer.

5. Sonuclar ve Oneriler

Kristal seramiklerin yapilari ve 6zellikleri bu
malzemelerin karmasik kristal yapilari ve faz diya-
gramlart ile iliskilendirilebilir. Gevrek yapilarindan
dolayr bu malzemelerden faydali degisik uriinlerin
elde edilmesi islak haldeki parcaciklarin istenilen
bicimde preslenip kurutulmalari ve pisirilmeleri ile

5. Conclusions and Recommendations
The crystal ceramic structures and their proper-
ties can be explained by their complex crystal

structures and phase diagrams. Because of the
brittle structure, these are shaped by compres-
sion, drying and sintering processes. The modifi-




gerceklesir. Seramik malzeme yapisinin modifikas-
yonu metal ve alasimlarda oldugu gibi kayma dizlem-
lerinde meydana gelen akma ile iliskilendirilemezler.
Bunun yerine seramik malzemeye yapilan ilaveler
malzemenin ergime derecesini degistirmekte, pisirme
esnasinda olusan camsi yapinin miktarini veya sera-
migin fiziksel 6zelliklerini etkilemektedir.

Polimerler; hafif, korozyona direncli, elektriksel olarak
yalitkan, esnek ancak nispeten diisiik cekme
dayanimina sahiptirler ve yiiksek sicaklik kullanimi
icin uygun degildirler. Bazi uygulama alanlarinda
muhendislik malzemesi olarak seramik malzemelere
alternatif olabilecek polimerik malzemelerin avantaj
ve dezavantajlari ile birlikte fiziksel ve mekanik 6zel-
liklerinde blyuk degisim gorulebilir. Bu yuzden
seramiklere nazaran kullanim sirasinda ve cesitli
endustriyel uygulamalar icin avantaj ve dezavantajlarin
belirlenmesi oldukca gictir.

Elektriksel yalitkanlik ve yiiksek korozyon dayanimlari
bu iki malzeme grubunun 6nemli avantajlari ve ortak
ozellikleridir. Ancak mekanik 6zellikler bakimindan bu
iki malzeme grubu ¢ok blyuk farkliliklar gostermek-
tedirler. Seramiklerin sertligi ancak kirilganligi,
polimerlerin ise esnekligi ancak disuk sertlikleri bu
iki malzeme grubunun baslica avantajlari ve dezavan-
tajlaridir.

Bu ilkelerden sonra gelistirilen stratejiler sunlardir:
a) Seramik-polimer tiretim teknolojilerinin benzerlik-
lerinden faydalanmak,

b) Seramik-polimer tretim teknolojilerinin avantaj ve
dezavantajlarini belirlemek,

c) Seramiklerin ve polimerlerin birlikte kullanildigi
uygulamalara gecmek (kompozit teknolojisi

d) Seramik-polimer uyumunu ve kombinasyonunu
saglamak.

Siklikla kullanilan seramik-polimer kaplamalarda
asagidaki ilkeler 1siginda hareket edilmesi daha iyi
sonuclara ulasilmasini saglayacaktir.

a) Uygun katman sayisinin buna bagli olarak da kapla-
ma kalinliginin belirlenmesi

b) Uygun gozeneklilik miktarinin secilmesi,

c) Uygun katman dizeninin secilmesi,

d) Tasarim karmasikliginin minimize edilmesi,

e) Kaplamalarin mekanik ozelliklerinin gelistirilmesi,
f) Uzun stire dayaniklilik.
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cation of the ceramic material structure cannot be
explained with shear on the slip planes as seen in
metal and alloys. Furthermore, additions to ceram-
ic materials change the melting degree and affect
the amount of glassy structure formed by sintering
process or physical properties of the ceramic mate-
rials.

Polymers are light, strength to corrosion, non-con-
ductive, flexible; but they have low tensile strength
and they are not available for the high temperature
applications. On some applications they can be an
alternative engineering material to the ceramics.
Moreover, they have some advantages and disad-
vantages on applications and big changes on their
physical and mechanical properties can be seen.
Nevertheless, it is difficult to determine the advan-
tages and disadvantages on different industrial
applications of the polymers compared to ceramics.
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common properties. On the other hand, these two
material groups have big different mechanical
properties. The hardness but brittleness of ceram-
ics and flexibility but low hardness values is the
main advantages and disadvantages of them.

The fallowing strategies have been developed
according to these principles:

a) To benefit from the similarities between the
ceramic-polymer production technologies

b) To determine the advantages and disadvantages
of the ceramic-polymer technologies

c) To choose the applications used ceramics and
polymers together (composite technologies)

d) To obtain ceramic-polymer adaptation and com-
bination
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polymer coatings will allow better results to be
achieved.

a) Determining the appropriate number of layer and
in addition to this coating thickness.

b) Choosing the appropriate amount of the porosity
c) Choosing the appropriate layer order

d) Minimization of design confusion

e) Development of the mechanical properties of the
coatings

f] Long lasting strength
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