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Fig. 21.1 Relative material temperature limits. Carbon-carbon (C-C)

carbon fiber reinforced plastic (CFRP), ceramic matrix com-
posite (CMC), carbon-silicon carbide (C-SiC), glass-ceramic matrix composite (GCMC), metal matrix composite (MMC)
silicon-aluminum-oxygen-nitrogen (SIALON)
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Polymer and Metal Matrix Composites Ceramic Matrix Composites
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Fig. 21.2 Comparison of polymer and metal with ceramic matrix composites
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Figure 4.1 Schematic force-displacement curves for a monolithic ceramic and
CMCs illustrating the greater energy of fracture of the CMCs.
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Fiber reinforced Matrix Fiber bundle Fiber
ceramics microcracking Debonding failure pullout
N N / F 3 A /
/ / / UA\ A //
/ / ) % b /7—1 /
|
v v v W
(a)
N
w
w
]
i
=
B
g
=
L
- FIGURE 6.1
(b) Tensile strain Picture showing the improved toughness of ceramic composites. (SiC;/SiC composite pro-
duced by the CVI process. Photo courtesy of A. Udayakumar, NAL, Bangalore, India.)
FIGURE 6.2

The progression of a crack in a fiber-reinforced CMC (a) and the tensile stress—strain curve
(b) of a continuous fiber-reinforced composite in the longitudinal direction. (Reprinted from
Evans, A.G., Mater. Sci. Eng., 71, 3, 1985. With permission; From Harris, B., Metal Sci., 14, 351,
1980. With permission.)
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FIGURE 6.3

Crack pinning

Schematic of some toughening mechanisms operating in CMCs.
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Yiik Transferi

Stirekli fiber takviyeli kompozitlerde, tipki metal ve polimer matrisli
kompozitlerde oldugu gibi, matris hasara ugradiktan sonra yiik fiber
tarafindan tasinir ve tokluk artis1 saglanur.

Matrise basma gerilmesi uygulanmasi

Eger fiberlerin termal genlesme katsayilar1 matrisinkinden biiytikse,
yiiksek sicakliklarda bu termal genlesme farki matris tlizerinde basma
gerilmesi uygulayarak tokluk artisina katki sunar.

Siinek fiberlerle toklasma

Seramik matris icerisine matristen daha siinek fiberler ilave edilerek
hazirlanan kompozitlerde gecerlidir. Bu kompozitlerde, catlagin enerjisi
stinek fiberlere aktarilirken, siinek fiberlerde meydana gelen plastik
deformasyon ile catlak ilerlemesi engellenir.
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Kopri olusumu

Fiberler catlak yolu
tizermde koprii olusturarak
kompoziti brarada tutar

Catlagm gerismde

Catlak fiberde hasar

Figure 8. Toughening mechanisms in CS—rGO cc
branching.

ck
dx.doi.org/10.1021/am500845x | ACS Appl. Mater. Interfaces 2014, 6, 3947-3962
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Fiber Siyrilmasi
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Fig. 7.19 Fiber pullout in a
Nicalon/pyrolitic carbon
coating/SiC matrix
composite. Some broken
fibers can be seen inside the
cylindrical cavities left by the
pulled out fibers (courtesy of
N. Chawla)

Fig. 7.17 Scanning electron micrograph of a hot-pressed Nicalon fiber/Ba—Si—Al-O-N
glass—ceramic matrix composite [from Herron and Risbud (1986), used with permission]
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Fig. 7.18 Fracture surface of Nicalon/Ba—Si—Al-O-N glass—ceramic matrix composite showing
fiber pullout [Herron and Risbud (1986), used with permission]
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Catlak Saptirma

Catlak matristen daha yiiksek mukavemet ve tokluga sahip takviye
clemanlar1 ile karsilastiginda yonilini degistirir.  Catlak hareketi
zorlastikca tokluk artar.

Interface Debonding
&
Crack Deflection

Crack Deflection
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Faz doniisiim toklasmasi
Catlak ucunda yer alan gerilim yapida yer alan fazlarda doniisiime neden
olabilmekte, ve bu faz doniisiimii ile hacim artis1 meydana geldiginde
catlag1 kapatmaya yonelik bir basing ortaya ¢cikmaktadir.
Tetragonal zirkonyanin monoklinik zirkonyaya doniisiimii sirasinda %3-

5 hacim artis1 gerceklesir.
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FIGURE 6.4
Toughening mechanisms operating in zirconia-toughened ceramics: (a) microcrack toughen-

ing and (b) transformation toughening. (Reprinted from Bhaduri, S.B. and Froes, F.H., |. Metals,
43(5), 16, 1991. With permission.)
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Faz doniisiim toklasmasi
Catlak ucunda yer alan gerilim yapida yer alan fazlarda doniistime neden

olabilmekte, ve bu faz doniisiimii ile hacim artis1 meydana geldiginde
catlag1 kapatmaya yonelik bir basing ortaya ¢cikmaktadir.
Tetragonal zirkonyanin monoklinik zirkonyaya doniisiimii sirasinda %3-

5 hacim artis1 gerceklesir.

Sekil 2.2. Tetragonal-monoklinik faz donisumu sirasinda mikro catlak
olusumu ve ilerleyen bir ¢catlagin dallanmasi veya yon degistirmesi
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Fig. 7.1 Schematic of the slurry impregnation process
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Composite Fig. 7.2 (a) An optical micrograph of a transverse section of a unidirectional Nicalon fiber/glass
matrix composite. (b) Pressure and temperature schedule used during hot pressing of a typical
composite

Fig. 7.1 Schematic of the slurry impregnation process
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Avantaj: Matris tek bir asamada iiretilir
ve homojen bir matris elde edilebilir.

Piston

Dezavantajlar:
Infilrant - Seramiklerin ergime sicakliklart ¢ok
yiiksek oldugu icin matris ile takviye
—_—_— eleman1 arasinda reaksiyon gerceklesme
coils  olasiligi cok yuksektir.

- Ergimis seramiklerin vizkoziteleri

yuksek  oldugu i¢in  preformlari

doldurmak zordur.

- Matris ve takviye elemani arasindaki
Fig. 7.3 Schematic of the melt infiltration process [after Cornie et al. (1986),termal genlesme katsaylsl farklarl,
e soguma sirasinda matriste catlamalara
neden olabilmektedir.

Preform
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Reinforcement

Growth barrier

Preform fabrication

Bazi1 kompozitler |
SiCp/A|203 Composite {
SIC/Al,O,

Al,O4/Al, O,
Al,TIO/Al,O,
ZrB,,/[ZrC
TiC kaph grafit/Al,O4

Fig. 7.4 Schematic of the directed metal oxidation process of Lanxide Corp. (Courtesy of
Lanxide Corp.)
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Fig.7.5 Some fiber reinforced ceramic components made by Dimox process. (a) Fiber reinforced
ceramic composites for applications in high-temperature gas turbine engine components. (b) Heat
exchanger and radiant burner tubes, flame tubes, and other high-temperature furnace parts made of
particle reinforced ceramic composites. (Courtesy of Lanxide Corp.)
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Fiber preform
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FIGURE 6.18

Flow diagram for the preparation of ceramic composites by polymer infiltration and pyrolysis.
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treatment
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Bu yontemle iiretilen kompozitler ¢cok fazla catlak,
bosluk ve gozenek igerirler. Piroliz sirasindaki
yiiksek boyut degisimi/kii¢iilmesi nedeni ile ortaya
cikan catlaklar polimere mikron alt1 boyutlu
doldurucu pargaciklar (%15-25 oraninda) eklenerek
engellenebilir.

Composite Autoclave Pyrolyze Organic
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Flg. 21.10 polymer impregnation and pyrolysis process
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PIP yonteminin bazi avantajlart:

Diisiik kalint1 karbon oranlari ile yiiksek seramik verimliligi

Infiltrasyon sirasinda vizkozite, solventlerde ¢oziniirliik gibi 6nemli parametreler
lizerinde etkisi olan molekiil agirhiginin kontrol edilebilmesi

Diisiik sicakliklarda ¢apraz baglanma yetenegi ile piroliz sirasinda parga seklinin
korunabilmesi.

PIP yonteminin bazi1 dezavantajlari:

Catlamalara neden olan yiiksek biiziilme oranlari. Piroliz sirasindaki biiziilme ve
agirlik kaybr sonucunda ilk emdirme islemi sonucu yapida %20-30 artik porozite
olur.

Artik poroziteyi azaltmak icin yapilan tekrar emdirme islemleri gereklidir. Bu
islemlerde diisiik vizkoziteye sahip polimerler kullanilmali ki, yapida yer alan mikro
gozeneklerden gecerek yapiya niifuz edebilmeli. Genellikle bu islem, vakum torbasi
icerisinde parcay1 sivi polimere daldirarak gerceklestirilir. Daha yiiksek vizkoziteli
polimerler i¢in basing kullanmak gerekmektedir. Bu islemin 5 kere tekrarlanmasi ile
yapida yer alan gdozenek oran1 %10 mertebelerine indirilebilir.
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Gorece disik sicakliklarda
: gerceklesen basingsiz  bir  proses
SiC-CVI ' C-Cvl - .
— - — oldugu icin takviye clemanlar1 zarar

H, ] HeMTs CH,§ gormez.
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Fiber ve matris malzemesi seciminde
goreli esneklik

Vacuum Vacuum

Trap Burner

pump HCl ' H, pamp
— — Gazlarin safsizliklar1 kontrol edilerek
CHSSICl, — SiC+3HC ] [ CHy — C+2H, cok  ylksek saflikta  trilinler
FIGURE 6.19 gehstlrlleblhr

Schematic of the CVI process. (Reprinted from Naslain, R. and Langlais, F.,, Proc. 21st Univ.
Conf. Ceram. Sci., Plenum, New York, 1986, p. 145. With permission.)

Iyi yiiksek sicaklik dayanimma sahip
SMK Hiretilebilir.

Bu yontemin temel dezavantaji cok
yavas olmasi ve kullanilan gazlarim c¢ok
pahal olmasidir.

Depozisyon parametreleri  kontrol
edilerek istenilen mikroyapilarda
malzemeler gelistirilir.
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CH;CL5Si(g) — SiC(s) + 3HCl(g).

rowth
Interfaces

Fig. 7.7 An example of the microstructure of a Nicalon fiber/SiC matrix composite obtained by
CVLI. (Courtesy of R.H. Jones). Note the growth interfaces within the matrix indicated by arrows
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TABLE 6.5

Advantages and Disadvantages of CVI and PIP Processes

Process Advantages Disadvantages
CVI/CVD  Even, controlled deposition Long process times (30-150 h)

giving a coherent matrix

Fiber coatings and matrix built Expensive capital equipment
up in single operation

Modest reaction temperatures

Dopants can be added to the

matrix
PIP Useful in binding fiber performs  Repetitive infiltration and pyrolysis needed
to achieve densification
Cheaper process than CVI Long process times with slow heating rates
Modest process temperatures Considerable shrinkage on pyrolysis,

resulting in matrix cracking

Source: Data from Schwartz, M.M., Composite Materials, Vol. 11, Prentice Hall, Upper Saddle
River, NJ, 1997, p. 230.
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Carbon fibre preform
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- thermosetting resin  [<&—— - hydrocarbon gas
- pitch (1000-1200 °C) ;
é repeat 1-3 times
Carbonisation el e
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Y

Heat treatment
(2000-2800 °C)

Y

Carbon/carbon
composite

Fig. 1115 Schematic overview (McAllister 1994) of methods of production of
carbon/carbon composites.
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FIGURE 6.21

Schematic of chemical vapor composite deposition. (Reprinted from Reagan, P. and Huffman,
EN., Fiber-tex 1988, Buckley, ], Ed., NASA Scientific and Technical Information Division,

Washington, DC, 1989, p. 247. With permission.)
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