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Ozet

Metal matriksli kompozitlerde seramik katki
fazinin sivi metal tarafindan islanabilme derece-
si kompozitlerin ozelliklerinin belirlenmesinde
onemli bir faktordir. Ancak, SiC gibi kovalent
bagli seramik katki fazlarinin sivi aliminyum
tarafindan islanabilirligi oldukca disuktir. Bu
calismada, 1slanabilirligi artirici yontemler, farkl
seramik malzemeler ile kaplanan SiC partikul-
lerinin sivi aliminyum tarafindan islanabilirligi
ve kaplamalarin araylizey ve kompozit 6zellik-
lerine etkisi incelenmistir.

o

Abstract

The wettability of ceramic reinforcements by
liquid aluminum plays an important role on
the composite properties. Unfortunately, the
wettabiliy of covalent bonded SiC ceramic

reinforcements by aluminum alloy is generally
poor. In this study, methods to promote wetta-
bility, the effect of different ceramic coatings
on the wettability of SIiC reinforcements by lig-
uid aluminum and the effect of coating on the
interface and composite properties have been
investigated.
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Sekil 1-a. AlSi7Mg bazli SiC partikiil takviyeli kompozit
malzemeden Uretilmis bir hizli tren fren diski (1)

Figure 1-a. Brake rotors for high speed train made from a
SiC particulate reinforced AlSi7Mg aluminum (1]

Giris

Ozellikle uzay ve otomobil
enddustrilerinde yeni
muihendislik malzemelerine
duyulan ihtiya¢ ve modern
teknolojinin ilerlemesi, metal
matriksli kompozitlerin (MMK]
hizla gelismesine neden
olmustur. MMK'ler, yiksek
dayanim ve sertlik, yliksek
asinma direnci, yliksek termal
ve mekanik yorulma direnci ve
suriinme direnci gibi Ustin

Introduction

Especially in aerospace and
automotive industries, the
necessity of new engineering
materials and the progress in
modern technology are the
most important motivations

for the development of com-
posites. Metal matrix com-
posites (MMCs) are quite
attractive due to their high
strength and hardness, high
wear resistance, high thermal
and mechanical fatigue

ozelliklere sahip olduklarindan
tercih edilmektedir. Bircok
farkli uygulama alaninda
kullanilan MMK'lerden bazi
ornekler Sekil 1'de verilmistir.
Sekil 1-a’da, Alman Knorr
Bremse AG firmasi tarafindan,
AlSi7Mg bazli SiC partikil
takviyeli kompozit malzemeden
dretilmis bir hizli tren fren
diski gorulmektedir. Sekil 1-
b'de ise, Alcan firmasi
tarafindan, %20 SiC partikil
takviyeli A359 aliminyum

resistance and creep resist-
ance. Among the various and
numerous applications a few
arbitrary examples are given
in Figure 1. Brake rotors for
German high speed train
developed by Knorr Bremse
AG and made from SiC parti-
cle reinforced AlSi7Mg alu-
minum alloy, and discs of car
brakes made by Alcan from
A359 aluminium alloy rein-
forced with 20 vol.% of SiC
particles are shown in Figure
1 (a) and (b), respectively [1,

Sekil 1-b. %20 SiC partikdil takviyeli A359 aluminyum
alasimindan yapilmis bir araba fren diski (2)

Figure 1-b. Brake disc made of A359 Al allov reinforced
with 20 vol.% of ceramic SiC particles (2)

alasimindan duretilmis bir

araba fren diski gorilmektedir

[1, 2.

Genel anlamda, islanabilirlik,
sivinin kati ylizeyinde
yayilabilme yetenegi olarak
tanimlanabilir [3]. Sekil 2'de
gorildigl uzere, kati altik
Uzerinde duran bir sivi
damlasinin kati ylzeyi ile
yaptigi temas agisi (@)
islanabilirligin fiziksel bir
olcusuddr.

2.

Wettability can be defined as
the ability of a liquid to spread
on a solid surface [3]. As
shown in Figure 2, the angle
(@) of contact between the lig-
uid drop and solid surface
describes the physical extent
of wettability.

The magnitude of the contact
angle will describe the wetta-
bility as:

@= 0" perfect wetting
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Sekil 1'den de anlasilacag
tzere, 1slanabilirligin bir
olcisil olan _ degerti;
@=0°ise cok iyi

1slanabilirlik

0°<@<180° ise kismen islan-
abilirlik

@=180° ise i1slanabilirligin
olmadigini gostermektedir.

Sekilde gosterilen, ¥ (temas
agisl), ¥w (kati-buhar arayiizey
enerijisi), ¥« (sivi-buhar
araylizey enerjisi) ve ¥ (kati-
sivi araylizey enerjisi)
arasindaki baginti asagidaki
gibidir:

¥o=¥+¥».c050

Yukarida verilen her ¢
araylzey enerjisi, birim
alandaki Helmholtz serbest
enerjisi veya ylizey gerilmesi
seklindedir. Bir sivi, katr altlik
Uzerine damlatildiginda,
kati-buhar araytlizey
enerjisinin bir kismi sivi-kati
ve sivi-buhar araytlizey enerji-
leri ile yer degistirir. Sivinin
yayilmasi ancak sistemin
serbest enerjisinde bir azalma
olursa gerceklesir [4].

Temas acisindaki azalma, sivi

0° < @ < 180° partial wetting
@= 180" no wetting

The relation between @ (con-
tact angle), ¥.. (specific energy
of the solid-vapor interface),
¥, (specific energy of the lig-
uid-vapor interface) and ¥
(specific energy of the solid-
liquid] is determined by the
following equation:

¥io=Y¥xs+ ¥.cO0SD

Each specific energy is an
energy per unit area of
Helmholtz free energy, or
surface tension force. When a
liquid drop is put on a solid
substrate, it will replace a
portion of the solid-vapor
interface by a liquid-solid and

-

BUHAR / Steam
I
SIVI/ Liquid
0
Tis Lk
- .‘ :'_ - -
KATI / Solid

Sekil 2. Kati altlik zerinde duran sivi damlasinin kati ylizeyi ile yaptigi temas acisi
Figure 2. A contact angle between a solid substrate and liquid drop.

damlasinin ylizey alaninin
artmasina ve dolayisiyla
sivinin toplam ylizey serbest
enerjisinin artmasina neden
olur. Buna bagli olarak da
katinin toplam ylzey serbest
enerjisinde bir azalma
meydana gelir. Bunlarin
dengede bulunmasi halinde,
temas acisinin kiictk oldugu
kararli-hal sartlari meydana
gelir. Matematiksel olarak bu
denge durumu yukarida
verilen Young’'s denklemi ile
ifade edilir.

ALl/SiC Metal Matriksli
Kompozitlerde Islanabilirligin
Onemi

Metal matriksli kompozitlerin
(MMK)] dékim yoluyla tretimi,
yontemin ucuz olmasi ve farkli
Uretim parametreleri kulla-

a liquid-vapor interface. The
spreading of liquid will occur
only if this results in a
decrease in the free energy of
the system [4].

The decrease in contact angle
causes an increase in the sur-
face area of the liquid conse-
quently an increase in the
overall surface free energy of
the liquid. Thus, a decrease
will occur in the overall sur-
face free energy of the solid.
At equilibrium of these ener-
gies, stable-state conditions
will occur where the contact
angle is minimum and this
equilibrium state is referred
as Young's equation as given
above.

narak kompozit 6zelliklerini
degistirme imkani oldugundan
yaygin olarak
kullanilmaktadir. Cok iyi bilin-
digi Uzere, takviye fazi ve
matriks alasimi arasindaki
araylzey ozellikleri,
MMK’lerin mekanik
davranislarinda onemli bir
etkiye sahiptir. Sekil 3'ten de
anlasilacagi lzere, MMK'lerin
ylksek elastisite modiild ve
dayanima sahip olmasi, uygu-
lanan dis kuvvetlerin matriks
tarafindan takviye fazina
dagilimi ve transferi ile
mumkiin olacagindan takviye
fazi ile matriks arasinda gucli
bir araylzey olmasi bu anlam-
da cok onemlidir. Metalurjik
acidan ise katki fazinin
matriks alasimi tarafindan
yeterince islatilabilmesi,
arayizeyde cok disilik oran-

Wetting in Al/SiC system

Casting of metal matrix com-
posites (MMCs] is an attrac-
tive processing method for
these advanced materials
since it is relatively inexpen-
sive, and offers a wide variety
of material and processing
condition options. As known,
the mechanical properties of
MMCs are strongly related to
the structure and properties
of this reinforcement/metal
interface. As seen from Figure
3, a strong interface leads to
transfer and distribution of
load from the matrix to the
reinforcement. From metal-
lurgical consideration the
desired interfacial region in a
composite relies on, an inti-
mate contact between the
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larda ve hizlarda kimyasal
reaksiyonlarin olmasi, fazlar
arasinda ¢ok az veya hic
difizyon olmamasi ve
dolayisiyla katki fazinin bozun-
mamasi ¢cok onemlidir [3-5].

SiC gibi kovalent bagli
seramiklerin 900°C'nin altinda
sivi aliminyum tarafindan
islanabilirligi oldukca
disuktir. lyonik ve kovalent
yapidaki kati malzemeler,
atomlarin kararli elektronik
yapisi ve atomlar arasi glcli
bag yapisi ile tanimlanir. Bu
yapidaki malzemelerin sivi
metal ile etkilesimi ancak
atomlar arasi baglarin kismen
veya tamamen ayrilmasi ve
kati faz ile kimyasal reaksiyon
sonucu mimkin
olabilmektedir [6].

Metal eriyik ylizeyinde
olusacak bir oksit tabakasi
takviye fazinin ergimis alasim
tarafindan islanabilirligini
azaltmaktadir. Bu oksit
tabakasi, ozellikle Ustten ilave
edilen takviye partikillerinin
matriks alasimina
karismasina engel olmaktadir.
Aliminyumun yuksek oksijen
afinitesi nedeniyle aliminyum
bazli sistemlerde oksit
olusumuna engel olmak
oldukca glctir. Zhou ve arka-
daslari calismalarinda, Al/SiC
kompozitlerde islanabilirligin
zayif olmasinin ana sebebinin
seramik partikil ylizeyinde
mevcut ince bir gaz
tabakasindan dolayi oldugunu
belirtmislerdir. Mevcut gaz
tabakasinin sivi aliminyumun
SiC partikdlleri ile temasini
engelledigi ve eriyik icerisin-
deki katki fazi oraninin belirli
bir kritik degeri astiginda gaz
tabakasinin bir kopri gorevi
yapip bitiin partikdllerin
eriyikten disari atilmasina
neden oldugunu
belirtmislerdir [7]. Farkl
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Sekil 3. Fiber takviyeli kompozit malzemenin sematik gorinimi
Figure 3. A schematic illustration of a fiber reinforced composite.

reinforcement and the matrix
in order to establish satisfac-
tory wetting of the reinforce-
ment by the matrix and a very
low rate of chemical reaction
at the interface, and little or
no inter-diffusion between the
component phases, so that
the reinforcement is not
degraded [3-5].

Wetting of covalent bonded
SiC ceramics is usually very
poor especially below 900°C by
liquid aluminum. lonic and
covalent solids are character-
ized by a closed, stable elec-
tronic configuration of atoms
and high strength inter-atom-
ic bonds. Interactions with
these bodies and molten met-
als are thought to be possible
only through partial or com-
plete dissociation of the inter-
atomic bonding and chemical
reaction with the solid phase
[6].

Generally, the presence of
oxide films on a melt surface
leads to non-wetting by
molten alloys of reinforce-
ment particles. This oxide
layer creates a resistance to
reinforcement particle pene-
tration of a molten matrix,
especially when the particles
are added from the top of a
cast. Aluminum has high oxy-

gen affinity, therefore very dif-
ficult to avoid oxide formation
in aluminum-based systems.
Zhou and Xu, have proposed
that this gas layer may be the
main reason for their poor
wettability. The layer prevents
molten matrix material from
coming into contact with the
surface of individual particles
and additionally, when the
particle concentration in a
melt reaches a critical level,
the gas layers can form a
bridge leading to total rejec-
tion of particles from the melt
[7]. The contact angle of vari-
ous ceramic phases by liquid
aluminum is summarized in
Table 1. It shows that in gen-
eral the value of contact angle
decreases with an increase in
aluminum liquid temperature,
and wettability is improved at
higher temperatures, normal-
ly above 900°C. The reason of
lower contact angles at higher
temperatures is the degrada-
tion of the oxide layer on the
liquid metal surface thus
leads the liquid metal spread
on the ceramic surface [6].
However, higher tempera-
tures during fabrication of the
composites may cause degra-
dation of SIC reinforcements
according to the reaction
given below, and in addition
increase the cost of produc-
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seramik malzemelerin sivi
aliminyum tarafindan islan-
abilirligi konusunda yapilan
deney sonuglari Tablo 1'de
verilmistir. Tablodan, artan
sivi aliminyum sicakligi ile
islanabilirligin arttigi ve ozel-
likle 900°C ve Uzerindeki
sicakliklarda yiiksek diizeyde
islanabilirlik elde edildigi
gorulmektedir. Yiuksek
sicakliklarda temas acisinin
disik olmasi, sivi damla
ylizeyindeki metal oksit
tabakasinin bozunmasi
nedeniyle sivi metalin seramik
tzerinde daha kolay
yayilabilmesinden kaynaklan-
maktadir [6]. Ancak uygula-
mada bu kadar ylksek
sicakliklara cikilmasi asagida
verilen reaksiyon sonucu SiC
katki fazinin bozunmasina
neden olacagindan ve uretim
maliyetini artiracagindan
1slanabilirligi artiracak farkli
yontemler arastirilmaktadir.

4AL + 3SiC = ALCs + 3Si

Islanabilirligi Artirici
Yontemler

a- Alasim Elementi ilavesi

Islanabilirligi artirmak icin sivi
alasima ilave edilen reaktif
elementler matriks/katki fazi
araylzey ozelliklerini
iyilestirmektedir. Ornegin sivi
alasima magnezyum,
kalsiyum, titanyum veya
zirkonyum ilavesi, eriyik
metalin ylizey gerilme
kuvvetini ve kati-sivi araylzey
enerjisini azalttigindan
islanabilirligi artirmaktadir [8].
Aldminyum bazli
kompozitlerde magnezyumun
(Mg), matriks alasimina ilavesi
ve katki fazlarinin dagiliminda
diger elementlere gore daha
fazla etkili oldugu ve ozellik-
leri iyilestirdigi bilinmektedir.
Magnezyumun sivi aliminyum
alasimina ilavesi islanabilirligi
artirmaktadir ¢clinki
magnezyumun ylzey gerilme
kuvveti (0,599 Nm™)
aliminyumun yuzey gerilme
kuvvetinden (0,760 Nm™) daha
disuktir. Magnezyum ayni
zamanda katki fazi ylizeyindeki
reaksiyonlarin
gerceklesmesine ve

4

Tablo 1. Farkli seramik katki fazlari ile sivi aluminyum arasindaki
temas acilari (1)

Table 1. Contact angles between different ceramic reinforcements
and liquid aluminum (1)

Seramik Katki Fan

Ceramic Reinforcement

Sicakhk Temas Acisi

Temperature Contact Angle

¢C) ©®

900 150

SiC 1100 34
1100 42

900 135

B.C 1100 120
1100 119

900 90

900 120

AlLO 1100 70
1100 80

1100 83

tion.
LAl + 3SiC = ALCs + 3Si

Methods to promote
wettability

a- Addition of alloying ele-
ments

When reactive elements are
added to improve wettability, it
also improves the matrix/rein-
forcement interface proper-
ties. For example, the addition
of magnesium, calcium, titani-
um, or zirconium to the melt
may promote wetting by
reducing the surface tension
of the melt, decreasing the
solid-liquid interfacial energy
of the melt, or inducing wetta-
bility by chemical reaction [8].
It has been found that for alu-
minum-based composites,
magnesium has a greater
effect in incorporation rein-
forcement particles in the melt
and improving their distribu-
tion, than other elements. The
addition of magnesium to alu-
minum melt improves wetting
because of the lower surface
tension of magnesium (0,599
Nm') compared with that of
aluminum (0,760 Nm™).
Magnesium can also reduce
the solid-liquid interfacial
energy by aiding the reaction

at the surface of the reinforce-
ment particles and forming
new compounds at the inter-
face. However, the excess of
magnesium leads to form
MgsAls phase which deteriorate
the mechanical properties and
also reduces the casting fluidi-
ty [3].

b- Particle treatment

Heat treatment of SiC particles
before dispersion in the melt
aids their transfer by causing
description of adsorbed gases
from the particle surface.
Heating SiC particles to 900°C
assists in removing surface
impurities desorption of gases,
and altering the surface com-
position due to the formation
of an Si0: (Figure 4) layer on
the surface [10].

During the fabrication of the
composites based on Al-Si-Mg
alloys with oxidized SiC parti-
cles, the SiO; layer reacts with
liquid aluminium alloy to form
a polycrystalline layer of
MgALO: spinel and Mg:Si. The
thickness of the MgAL:O. layer
depends on the thickness of
the SiO: layer on the SiC parti-
cles. A lower oxidation level
leads to a thinner layer of
MgAL:O: in the composite,
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araylzeyde yeni bilesiklerin
olusmasina neden oldugu icin
kati-sivi araylizey enerjisini
azaltmaktadir. Ancak, fazla
miktardaki magnezyum
(ag.%3 gibi), mekanik 6zellik-
lere olumsuz etkisi olan dusuk
ergime sicakligina sahip
bilesiklerin (MgsAls gibi)
olusmasina ve ayrica
dokimin akiciliginin azal-
masina neden olmaktadir [3].

b- Katki Fazinin Isil islemi

Seramik katki fazinin matriks
alasimina ilavesinden once isil
islem ile katki fazi ylizeyine
absorbe olmus gazlarin
giderilerek ylizeyin temizlen-
mesi Islanabilirlik agisindan
onem tasimaktadir. SiC
partikillerine 900°C'de
yapilacak bir on isitma islemi
ile ylizey empdritelerinin
giderilmesi, gazlarin
desorpsiyonu ve ytizeyde bir
Si0: tabakasinin olusmasi
saglanir (Sekil 4). Bu islem
islanabilirligi artirdigindan
bircok arastirmaci tarafindan
uygulanmaktadir [10].

SiC partikillerinin termal
oksidasyonu ile elde edilen
Si0; kaplamanin sivi
aliminyum ile temas etmesi
halinde MgAL.O. spineli ve
Mg:Si reaksiyon Urlnleri mey-
dana gelmektedir. MgAL.O.
tabakasinin kalinligi SiO:
tabakasinin kalinligina bagli
olup tabaka kalinligr artikca
SiC partikillerinin korunmasi
da artmaktadir. Ancak asiri
kalinlik kirilganlik
yaratacagindan bunun opti-
mizasyonu oldukg¢a onemlidir
[4].

c- Katki Fazinin Kaplanmasi

Genelde metal olmayan bir
katki fazinin sivi metal
tarafindan islanabilirligi zor-
dur. Bunun nedeni onceden de
aciklandigr gibi, metal karbir
ve metal oksitlerin iyon ve
kovalent baglarinin
karartiigidir. Bu durumu
iyilestirmenin bir diger yolu da
katki fazinin islanabilir bir
metal ile kaplanmasidir.
Cunku sivi metaller kati
metalleri cogunlukla islatabilir
ve metaller arasi bilesiklerin
olusmasi durumunda

Sekil 4. Al/SiC araylzeyinde SiO:tabakasini gosteren TEM gariintlsi (11)
Figure 4. TEM image of a Si0: layer at the AY/SIC interface (11)

Sekil 5. Ni kaplanmis SiC partikiillerine ait SEM gariintlst (14)
Figure 5. SEM image of Ni coated SiC particles (14)

resulting in lesser effective
protection. However, a thicker
layer results in a brittle inter-
face, thus lowering the
strength of the composite [4].

c- Reinforcement coating

In general, the surface of non-
metallic particles is difficult to
wet by a liquid metal. As
explained before, this is due to
the stability of ionic and cova-
lent bonded metal carbides
and metal oxides. Another way
to improve wettability is coat-
ing ceramic particles with a
wettable metal. This is
because the liquid metals
almost always wet solid met-
als, and wettability is highest in
the case of mutual solubility or

formation of inter-metallic
compounds. Different coating
methods are applied including
chemical vapor deposition
(CVD), plasma vapor deposition
(PVD), electroplating, cemen-
tation, plasma spraying and
sol-gel processes [11].

Nickel and copper are wet well
by many alloys, and these met-
als have been used as a coat-
ing material. In addition, silver,
and chromium have also been
used as coating materials [7,
12-16]. However, nickel [Figure
5) is the most used metal in
aluminum based composites.

In addition to metallic coatings,
ceramic coatings such as, SiO,
BN, ALOs, TiO: (Figure 6), MgO
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Sekil 6. TiO2 kaplanmis SiC fiberlere ait SEM goriintisi (17)
Figure 6. SEM image of a TiO2 coated SiC fibres (17)

1slanabilirlik en yliksek seviyede olur. Katki
fazinin kaplanmasinda, kimyasal buhar
cokertme (CVD), fiziksel buhar ¢cokertme (PVD),
akimla ve akimsiz elektrolitik kaplama,
sementasyon, plazma sprey ve sol-jel teknikleri
kullanilmaktadir [11].

Nikel ve bakir bircok alasim tarafindan
islatilabilmektedir ve kaplama malzemesi olarak
kullanilmaktadir. Bunlarin yani sira, gimdus,
bakir ve krom da literatiirde kaplama olarak
kullanilan metaller arasindadir [7, 12-16].
Aliminyum bazli kompozitlerde ise en sik
kullanilan metal kaplama nikeldir (Sekil 5).

Metalik kaplamalarin yani sira SiO., BN, ALOs,
TiO. (Sekil 6), MgO ve Sn0: gibi seramik
kaplamalar da SiC ile aliminyum arasinda
koruyucu bir tabaka olusturmasina karsin
yeniden ergitme sicakliklarina ¢ikildiginda ve
ozellikle bu sicakliklarda uzun siire
bekletildiginde kaplama bozunarak Al.Cs
olusumuna neden olmaktadir. Tablo 2'de farkli
seramik kaplamalarin Al/SiC arayiizey ve
kompozit 6zelliklerine etkisi verilmistir. Ancak,
kaplamalarin tretim sirasinda sivi metal ile
etkilesimleri ve dolayisiyla katilasmaya, icyapiya
ve mekanik ozelliklere etkisi tam olarak
bilinmemektedir.

SiC partikdllerinin oksidasyonu disindaki diger
seramik kaplamalar genelde sol-jel ve kuru
karistirma yontemleri ile elde edilmektedir.
Alkositlerin hidroliz reaksiyonlarina dayali bir
proses olan sol-jel yontemi ile SiC ylizeyinde
slirekli ve ince bir oksit tabakasi olusturmanin
maliyeti olduk¢a diistik ve uygulamasi ¢ok
kolaydir [17]. Sol-jel yontemi ile elde edilen MgO
ve AlOs kaplamalarin kalinligi ortalama
50nm’dir. Her iki kaplama da SiC partikillerinin
aliminyum ile temasini engellemekte etkilidir.
Bunun yani sira, TiO. kaplamanin sireksiz
oldugu ve yiiksek sicakliklarda uzun siire bek-
letilmesi durumunda SiC’ln bozunarak ALC:

o

ve Sn0: have been used as coating material.
Ceramic coatings also act as a protective
layer between the matrix and reinforcements.
However, for durations longer than 2 h at
higher temperatures during processing and
remelting, leads to degradation of SiC with
the formation of AlLCs crystal and silicon
release. The effect of different ceramic coat-
ings on the Al/SIiC interface and composite
properties are given in Table 2. However,
there is still lack of information about the
Interaction between the ceramic coating and
liquid metal during fabrication and its effect
on solidification, microstructure and mechan-
ical properties of the composites.

The other type of oxide coatings are mostly
carried out by the sol-gel or dry-mixing tech-
nique. Sol-gel process based on hydrolysis
reactions of alkoxides allows surfaces to be
coated with continuous and thin oxide films
and has advantages such as low process cost
and is easily manufactured [17]. The coating
thickness of MgO and Al:O: coatings produced
by sol-gel process is about 50nm. Both coat-
ings prevent the interaction of SiC particles
and aluminum. In addition TiO: coating
obtained by a dry mixing process has been
found to be discontinuous on SiC particle
which leads the degradation of SiC particles
(17].

Conclusions And Recommendations

The application of coatings to the reinforce-
ment during fabrication of metal matrix com-
posites is an important step, having promising
effects on the interfacial, physical and
mechanical properties of the composites.
Metallic coatings improve the wettability of
the reinforcement and prevent the excessive
interfacial reaction by enrichment of the coat-
ed metal in the matrix near to the interface.
The metal coating process is economically
viable, but leads to unwanted alloying.
Electroless nickel coating of SiC particles is
an economic way to obtain a uniform coating
and because of this it is the favorable method
among metallic coatings. A ceramic coating
reduces the interfacial reaction by acting as a
diffusion barrier between the reinforcement
and the matrix. Most of the ceramic coating
techniques are expensive. However, SiO: coat-
ing obtained by thermal treatment of SiC par-
ticles is the most economic method.
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Tablo 2. Seramik kaplamalarin AlSIiC arayiizey ve kompozit 6zelliklerine etkisi (2]
Table 2. Effect of different ceramic coatings on the AlSIiC interface and composite properties (2]
Kaplama Makzemesi  Kaplama Ydntemi Kompozit Uretim Yontemi Etki
Coating Material Coating Method Composite Fabrication Method Effects
700°C"de ALC: clujumunu engellemekte ancak 800°C'nm
Kuru kangtrma Kangtrmal: dékiim tizermde koruyucu etkmin kalkm asi.
Dry mixing process  Stir casting Significant reduction of ALC; process formation at 7¢0°C and no
protection above §00°C.
. Tomalokiiting Doy Al"ni-n 5105 ile temas eh:ues-i durumunda Al ile SiC arasmdaki
510, Rt ; i reakstyon gergeklesmektedir.
Thermal oxidation Pressure mfiltration
Once Al reacts with $10; reaction between Al and SiC proceeds.
Arayiizey reakstyonlan zlagm bilejenlerme ve 510, nm
Termal oksidasyon : kalmligma baglidur.
Thermal oxidation CompocimE Interfacial reaction is dependent on alloy composition and
thickness of $i0: layer.
Kuru kangtuma Kangtrmali dékiim Araylizey reaksiyonlarmda artis.
Dry mixing process  Stir casting Increase in mterfacial reaction.
L Solgel Tafiuasyon Koruma ozelligi 22y,
Sol-gel Infiltration Not effective protection i particulates.
Kuru kanstuma Kanstumal: dékiim ALC: olusumunu engellemekte oldukea etkili.
) Dry mixing process  Stir castmg Remarkable reduction m ALC: formation
0 Solgd Cok ot degl
Sol-gel Not very effective.
Partikiillerm konmmasmda arayiizeyde olusan MgO Tt tabakas:
Sn0; Sol-jel Kangtumal: dékiim etkendir.
§b0; Sol-gel Stir casting MgO/Ti reaction layer formed in the interface is responsible for

the protection of particles.

olustugu yapilan ¢alismalarda
gozlenmistir [17].

Sonuglar ve Oneriler

Metal matriksli kompozitlerin
dretiminde seramik katki
fazlarinin kaplanmasi
kompozitlerin araylizey,
mekanik ve fiziksel
ozelliklerine olumlu bir etkisi
vardir. Metalik kaplamalar,
katki fazinin islanabilirligini
artirmakla beraber,
istenmeyen arayizey
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