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Ceramic Materials
Composites Materials
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m L AnGuAN (Traditional Ceramics) » Large vs small ionic bond character:
a Guwiien (Clay), §8f (Silica), tlasianh 4 [ CaF 2: large e
(Feldspar-usiluih) 1 | s SiC: small —— 1 2 [A[2]0]"
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05 [ Table of Electronegativities

Adapted from Fig. 2.7, Callister 6e. (Fig. 2.7 is adapted from Linus Pauling, The Nature of the Chemical
Bond, 3rd edition, Copyright 1939 and 1940, 3rd edition. Copyright 1960 by
4 Cornell University.



TAXONOMY QF CERAMICS

win | ﬁumﬁml ‘3mmuvlvl ‘”mm"mﬁl | I
Glasses Clay  Refractories Abrasives ~ Cements Advanced
products ceramics

-optical -whiteware  -bricks for  -sandpaper  -composites  engine
-composite  -bricks high T -cutting -structural -rotors

reinforce (furnaces) -polishing -valves
-containers/ (Adapted from Fig. 13.1 and discussion in -bearings
-household Section 13.2-6, Callister 6e.)

-sensors

B FNUAEAUVDUYIINN: IOURDNLARIFS (DALIU LA
ANRDHIARIFILIUNAN) LT3 12 HaARRANNEA
MUURS nusia Creep 16

B M5 NU: NUANRFoURY UM IINNTIU LAZNU
IRWIZAU 9 1u 14 Tk

a

LN U130

m ldsiansedafTandu o
m o 51uuu: 1.bonded to grinding wheel

(glass ceramic, resin, and metal bond)
2. coated abrasive 3. loose grains.

Approximate knoop Hardness
(100 g load) For Seven Ceramie Materials
| pprrorimate
Vaterial Kunoop Heardness
Diamond (carban) TOHH0
Boron carbide (B,C) 2800
Silicon carbide (SiC) 2500
Tungsten carbide (W) 21000
Aluminum oxide {AlLO5) 2100
Quarltz (810-) 800

Glass 550

NAAMUaNNSou- Jaanu lW

Fable 152 Compositions of Five Common Ceramie Refractory Materials

I pparent

Compaosition (wi%) Parasity
Refractory: Tipe Al Ni)y M) Crally Featdy Cal) Tit), (%) .
Fireclay 25-45 70-50 =1 -1 =1 1-2 10-25
High-alumina fireclay 00-50 1045 0-1 0-1 0-1 1-4 18-25
Silica 0.2 96.3 i 22 25
Periclase 1.0 0 000 0.3 30 25 22
Periclase—chrome ore 9.0 5.0 73.0 8.2 20 22 21

Source: From W. D. Kingery, H. K. Bowen, and D. R. Uhlmann, fntroduction to Ceramics, 2nd edition. Copyright ©
1976 by John Wiley & Sons, New York. Reprinted by permission of John Wiley & Sons, Inc.

1. fireclay: temp. < 1587 °C fugulas9a51aen

2. Silica or acid refractory.: temp. < 1650 °C

3. Basic refractory: MgO =&+

4. Special refractory: alumina, silica, magnesia, zirconia
(ZrOy,), mullite(3Al,04-2Si0,), graphite, SiC.

Engineering ceramics 113140
MMNIAINI N

m Alumina (AL,O,): Ixanu lW, viensayiiu
fASUNULAN, 117, ALDY, Rudl

m Silicon nitride(Si;N,): sniiGanea MM
ANNFaU ANuLdaRzANMLN T
aUnInidia anRRIlULAnLLSUEAU
UaaLlUse atnsaivihan dusiuinsosud
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MNIaINIIN (2)

m Silicon Carbide (SiC): anuiifa 1Rau6a
UAAINATLRZNUANNAURILAADUTN
e Tuldnwad Hida unudenmsdn
NIOU NUNUADIANNIDU (LAZANNAL) LU
vio .ol lHamnniiag

m Zirconia (ZrO,) : vhansnifiandasnnis
fAvsedn MIveudiile N URnSRT
WNERUAUIARoUUURED lany
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JNDIR ladianasn
m annuldaza C = qg/V
m iUy C/V=F (Coulomb/volt = Farad)

B SUdheas uaesduAudszannudu lanzauuse
unnluguame

Permittivity uavgeyeunné
=8.854x1012 F/m

12

Electronic ceramics
950 L T

m auu: Electrical porcelain (~ 50%oclay,
25% silica, 25% feldspar), steatite
(~90% talc, 10% clay), fosterite
(Mg,SiO,), alumina.

m dnuydaa: Barium titanate (BaTiO,) fien
dielectric constant gsfiv 1200-1500.

m §157461in: silicon, SiC, GaAs.

m J8awn Piezoelectrics

1"

antI6 ladianasn

m 1Jaiiimaduatszrinanulaney

ffffffffff

Dielectric —

Arasin'ladildnesnuadizaiiu
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aniI6 ladianasn

B A7 ladinasnge-— 1Judiniudszaia
m (5o - Wuauu luih)

m Dielectric Strength anuasdinesaanian
faasanmduauinlile (fo lupanli Wi
Tuiaru)

m V/mil, kV/mm
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Glass forming Particulate forming Cementation
processes processes

I I
Blowing Drawing Fiber Powder Hydroplastic Slip Tape
forming pressing forming casting casting
I I

Hot  Uniaxial Isostatic

|

1
Drying

1

1
Firing

aNTI6 lwd ludianasn

m wuluSsawanuuies Innmiua (BaTiO,)

m Jramensadasunisnu i dunisnuna

(Aaanuasoaduneluauin lWi) way
AfuAU (F5anuesdndgaelu wWeaiia

ANHLAZLA)

GLASS STRUCTURE

» Basic Unit:

4-
Si0 4 tetrahedron

Sidt

 Quartz is crystalline

SiO2:

02-

» Glass is amorphous

» Amorphous structure
occurs by adding impurities
(Na*,Mg2* Ca2*, AI3t)

* Impurities:
interfere with formation of
crystalline structure.

(soda glass)

Adapted from Fig. 12.11,
Callister, 6e.



GLASS PROPERTIES

+ Specific volume (1/p) vs Temperature (T):

§peciﬁc volume

Liquid

Bupercooled (disordered)

(amorphots solid)

Crystalline
. (i.e., (I)rdered) solid

Tg Tm T

Adapted from Fig. 13.5, Callister, 6e.

* Viscosity:
--relates shear stress &
velocity gradient:
--has units of (Pa-s)

ANINAGLLAD

+ Crystalline materials:
--crystallize at melting temp, Tm
--have abrupt change in spec.

vol. at Tm

» Glasses:

--do not crystallize
--spec. vol. varies smoothly with T
--Glass transition temp, Tqg

—)T
dv dy dv
dy dy
T————

e Pre
— oo
Pressing 7, $ 8
| 1 =
|
Compressed air
Suspended Finishing
parison miold
Blowing

velocity gradient

The press
and-hlow technique for
producing a glass bottle.
(Adapted from C_ L
Phillips. Glass: Tire
Mivacle Maker,
Reproduced by
permission of Pitman
Publishing Lid..
London.)
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sheet glass. (From W. D.
Kingery, Introduction to

Various Points in Glasses

Ficune 13.6

Temperature (°F)

Logarithm of viscosity 400 800
Versus temperature for |
A c1lies o 16
fused silica and three 10 Borasilicate
silica glasses. (From E. —  glass
B. Shand, Engineering 10| |
Glass, Modern [C7777
Materials, Vol. 6, o] e, 1, G
Academic Press, New
York, 1968, p. 262.)
. 1o!°
é i
E 108
8
2 Frsmnnmamin
= 108
Working range
10*
102 —
Melting point
1
| 1

96% silica  Fused
Elass silica

1200 1600 2000 2400 2800 3200
T 110
| |

Strain point

Annealing point

Softening point

Working point

Soda-lime glass

ANINAGLLAD

Ficure 13.8 A
process for the
continuous drawing of

Glass sheet

L 1
800 1000 1200 1400 1600 1800

Temperature (°C)

Forming roll

Turning roll

18

| lulﬁ

1014

10!2

{100

\
\

Viscosity (P)

19

Water-cooled shield

Ceramics. Copyright ©
1960 by John Wiley &
Sons, New York.

Reprinted by C

permission of John
Wiley & Sons, Inc.)

Burner #I\_

Molten glass

22



HEAT TREATING GLASS

* Annealing:

—aaanudumsludiAannmaiusi lissiiane

--aufis Annealing Point uililfiiugiadin o) aufivamnniivies
» Tempering:

i ldiRuAeg lusnzanuiduda

—avahwtla lsildseusnifivsdresn u

before cooling

surface

further cooled

cooling

—>mmm(— COM|
hsion
—ymm=(— CON

—-WRwBIM S temper wia- seusniitddandula 13 uAmuns ldgadin

-
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Glass forming
processes

Pressing  Blowing  Drawing

:

Fiber
formin

o
F

ot

Particulate forming

processes
Powder Hydroblastic Slip Tape
pressing forming casting casting
1 1 I
1 1 1
| | 1
| | 1
| | 1
s | |
Uniaxial Isostatic 1 :
1 | | 1
| | | I
| | | I
L 1 1 J
|
1
Drying
1

1
Firing

23

Cementation

Tempered Glass

Ficone 13,9 Room-temperature residual
stress distribution over the cross section of
a tempered glass plate. (From W. D.
Kingery, H. K. Bowen, and D. R. Uhlmann,
Introduction to Ceramics, 2nd edition.
Copyright © 1976 by John Wiley & Sons,
New York. Reprinted by permission of
John Wiley & Sons, Inc.)

Stress (103 psi)

20 10 0 10 20

120 80 40 0 40 80 120

Compression Stress (MPa) Tension

24
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B NSASUNIRA

m 13380, snsbawiien (Binder), snsuaaiu
(Lubricant)

m N 3TugL

B NN A NNIOU
m NMFauLvaLRzf e sdaniien
m Sintering (Firing)
m Vitrification

26
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« vauazfavna i ldsunaaumanidosms

« wanaumafiuih ladu sdd (slip)
=S S, n "
 austhiu "green" component

Ao
--Hydroplastic forming: force e B oer  Adapted fom
. . . _) 1g. .,
extrude the slip (e.g., into a pipe) " d Siister se.
. . 1€
--Slip casting:
pourslip  absorb water . .
into mold  into mold pour slip drain “green Adapted from Fig.

13.10, Callister 6e.

“green into mold mold ceramic”
ceramlc (Fig. 13.10 is from
W.D. Kingery,
Introduction to
Ceramics, John
Wiley and Sons,

UG Fununad Inc., 1960.)
Dry and Fire the component .
IFicvne 13,10 The Slip poured
steps in (a) solid and into '"'d Water absorbed
(b) drain slip casting -
using a plaster of paris Finished

mold. (From W. D.
Kingery. Introduction to
Ceramics. Copyright ©
1960 by John Wiley &
Sons, New York.
Reprinted by
permission of John
Wiley & Sons, Inc.)

piece

fa)

Slip poured
into mold Draining mold Top trimmed L
- Finished

) ( piece

(b)

SLIP

o dunitpnduizanainn
o Wenanndn luluduniisn
i il Taardausanandiu ldiuanu
SEUNUT
AAAUGILLTDDU ] TBITULAD IR
v l¥dusUeneis extrusion 16
- l¥idusUeneds slip casting

Structure of
Kaolinite Clay:

Adapted from Fig. 12.14, Callister 6e.

(Fig. 12.14 is adapted from W.E. Hauth,
"Crystal Chemistry of Ceramics", American
Ceramic Society Bulletin, Vol. 30 (4), 1951,
p. 140.)

Warm air
source
A\

Slip source l

Q‘ : | {%tor blade

h

s -\ Support structure

Take-up reel __

Reel of carrier film

Shear 28

Frcvne 13,16 Schematic
diagram showing the tape-
casting process using a doctor

blade. (From D. W. Richerson.
Modern Ceramic Engineering,
2nd edition, Marcel Dekker,

Inc., NY. 1992. Reprinted
from Modern Ceramic
Engineering, 2nd edition, p.
472 by courtesy of Marcel
Dekker, Inc.)
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= m3tusdlaonszuiumsda (Pressing)
m Cold Pressing/ Hot Pressing
m [sostatic Pressing . =
m Uniaxial Pressing

Ly 7

Schematic represcntation of
the steps o uniaxial powder pressing, (o)
The die cavity is filled with powder. (/) The = =
powder is compacted by means of pressure

applied 1o the wp die. (c) The compacted

picee is ejected by rising action of the -
Bottom punch. () The il shoc pushes Ry
away the compacted picee, and the fill siep A —_ 5o
is repeated. (From W, D, Kingery, Editor, L L—1
Ceramic Fabrication Processes, MIT Press, JJ

Copyright © 1958 by the Massichusetts ""‘ 31

Institute of Technology.)

NSHNRGHNANAWILYINHN
|

Glass forming Particulate forming Cementation
processes processes
Advanced Ceramics/ - .
#nai ing C . Traditional Ceramics
Pressing  Blowing Drawing Fibel Powder Hydfpplastic Slip Tape
formi pressing fopfming casting casting
I I I
1 1 1
| | 1
| | 1
| | 1
I I
t  Uniaxial Isostat|§ 1 :
1 1 | | I
] 1 I I I
] | I I I
L 1 I I J
I
I
—omyme
I
I
Firing

|Isostatic Press

Breach-lock or

C 1 I | pressure seal
//l// cover
P | T | — Fluid
ressure
vessel |
! i 1 Mold
|
| seal
i plate
Wire & |
mesh i
basket 1 p:
| Rubber
1 1 mold
I I
s | ]
Pressunzation [ Powder
source
[~ Metal
\ mandrel

Fignre 10.18 Schematic of a wet-bag isostatic pressing system. (© ASM .n
national.)

DRYING AND FIRING

» Drying: layer size and spacing decrease.
. ) X Adapted from Fig.
N LA ——\ 13.11, Callister 6e.
. R (Fig. 13.11 is from
W.D. Kingery,
Introduction to
Ceramics, John

Wiley and Sons,
Inc., 1960.)

wet slip
 Firing:
--T raised to (900-1400 C)
--vitrification: glass forms from clay and flows between
SiO2 particles.

“green ” ceramic

Adapted from Fig. 13.12,

Si0 2 particle Callister 6e.
(quartz) (Fig. 13.12 is courtesy H.G.
. Brinkies, Swinburne
micrograph of glass formed University of Technology,
porcelain around Hawthorn Campus,
the particle Hawthorn, Victoria,
Australia.)

€ 70 pm >
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a a [-%4 6 a
NIINAANIAANUNLDITHNN
* Firing/Sintering:
aVUINVRIIWIU (Pore Size)
mﬂwmmwmuumwmu
anuLdaL SR
AszuIUM I luanwaods (Solid-state process)

* Aluminium oxide powder:
--sintered at 1700°C
for 6 minutes.

I Adapted from Fig. 13.15, Callister 6e.

= (Fig. 13.15is from W.D. Kingery, H.K.

i Bowen, and D.R. Uhimann, Introduction
to Ceramics, 2nd ed., John Wiley and
Sons, Inc., 1976, p. 483.)

35

RSNUANNAAVDILYINNAN

m JufivdSunauazuinavessnsutdusday
(NFLUIUMSLHIWTIN) so9ad lido VUIALNTU
USHNLAZUUNAVDIRITDUU ROUNEN FY
LLIARDH IR

m laoyn lUidudaaany uasdaneaiannu
HAVEIURININ

B VIAROUNNNAGIUNINAROULLINDN 113D 113
aarNaa (Three-point Bending)

37

Usngmaaiiitia lunsinwiin

Iicone 15,14 For a powder compact,
microstructural changes that occur during firing.
() Powder particles after pressing. (b) Particle
coalescence and pore formation as sintering
begins. (¢) As sintering proceeds, the pores change
size and shape.

fa)

Frover E515 Scanning electron

Grain boundary micrograph n aluminum
il

B | e

> & by John Wiley & Sons, New Yo 'k.

3 annlh\p‘rm ssion of John
Wiley & Sons, Ine.)

RNUAN NNV DILYINNAN

m NMnasau Three-point Bending

Possible cross sections

11
O D « Rectangular
5

T =
= N o
Suppo? O Circular where M = maximum bending moment

L 3 \ — -l l— - ¢ = distance from center of specimen
— _s 2 ¢ to outer fibers
I = moment of inertia of cross section
Mt )
o = slress = = F = applied load

A three-point

" . M o !
loading scheme for measuring the - - -
. . 2 ; 4
stress—strain behavior and flexural Rectangular FL ¢ bd
strength of brittle ceramics, 4 12
including expressions for Fi _p
. N R . Circular + R E
computing stress for rectangular a a

and circular cross sections,



aatany (Brittle Materials) ey (Brittle Materials)
aawniien (Ductile Materials) Ianiien (Ductile Materials)

Ficene 8.1 (a) Highly ductile fracture in

which the specimen necks down to a point.
(b) Moderately ductile fracture after some
necking. (¢) Brittle fracture without any
plastic deformation.
g
E Toaulnz é N
) Y Tomumilen
: {a) (h) hl':
AMAien ATASHEe
39 i L () Cup-and-cone fracture in aluminum. (&) Brittle fracture in a
ildd st
AANRNA I NH C tation
| _ _
_ _ _ _ * NITUIMMIUNHZRIMTUREIAATIRZHN 9] (MINAALDTINIAR)
Glass forming Particulate forming Cementation o , ~ ¢ ¢ ¢
processes processes o apHN- Yudinudwasauaua (Portland cement):
* mix clay and lime bearing materials
i - — : - + calcinate (heat to 1400°C)
‘ i © RIUNINUAN
Pressing  Blowing Drawing Fiber Powder Hydroblastic Slip Tape * tr.i—calclium sjljcate
forming pressing forming casting casting o di-calcium silicate
i i l o ldu- waxu
I a IS P = ° ' | ' ¥ a
! ! ! o iRefluvesnsnion (Paste) duii 1w ne 1flususld Aeudsiuag
Hot  Uniaxial Isosiatic: : : Ll,‘l:i@];} - e . . . .
; — : ! o mMaueduiaandfisen hydration (chemical reactions with
l I I I the water)
I
I
Drying
I

I 16 42
Firing



SUMMARY

m Basic categories of ceramics:
glasses

clay products

refractories

cements

advanced ceramics

m Fabrication Techniques:
m glass forming (impurities affect forming temp).
m particulate forming (needed if ductility is limited)
m cementation (large volume, room T process)

m Heat treating in Glasses: Used to
m alleviate residual stress from cooling,

m produce fracture resistant components by putting surface
into compression.

17 43

AeNHLLAz U AN UIIRANEN

B SRR (Wn3na)
m il dradanusatiles
m Jvifisneveansenszvia ldfanadu
m Undounaduanndunden

miJ5znn

= MMC, CMC, PMC— Polymer-matrix Composite

AN

Ceramic-matrix Composite

Metal-matrix Composite 46

HeHazyszLnnuo
IRANTN |

B ARANEN
m szneuduannizanapuiia
B JdasULUUDY
m auauTATUAUTaaAIdU
n LifeUffsoned/vaen/azany g .
B WA USEAUNAANA 1150 1M

m 1Jsznaudin Taalu (Matrix) f%-th —
o - eprinted with permission from
u’ag’)ﬂﬂ Lﬂ‘j“ D. Hull apd T.W. Clyne,.An _
. g Introduction to (?ompUS{te Mlatenals,
(Dispersed Phase) Now Vork. 1696, P 56.p. 47, -

45

ARz U AN VDIRANEN

B IRALRAN

B LANARSHAMANTIR I A Sna

m MMC 1#in YS, TS, Creep Resist.

m CMC 1in KC

m PMC in E, YS, TS, Creep Resist.
W i3uinn

m Particle, Fiber, Structural

m auna, 1Wuly, lasssdn

47



INANFNTUALRINAIDDUNAN

Ficone 1605 Electron micrograph showing
the spherical reinforcing carbon black
particles in a synthetic rubber tire tread
compound. The areas resembling water

. marks are tiny air pockets in the rubber.
80,000, (Courtesy of Goodyear Tire &
Rubber Company.)

ARANTNTUALRINAILDUNAN

ot 104 Photomicrograph of a
WC-Co cemented carbide. Light areas are
the cobalt matrix: dark regions, the particles
of tungsten carbide. 100>, (Courtesy of

48 Carboloy Systems Department. General

. Electric Company.)
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+ Sandwich panels LU

Longitudinal Frovne 16,8 Schematic
direction Ty afine , 8 v o X
lel)jleser!tatmm Ofd == ANHUULUUN, LLﬂHﬂQ’NlﬂHIﬂ‘NNi’N‘NN\i
(a) continuous an -N % !
] aligned., (b) discontinuous Tag: 1N, ﬂ’numumﬂmgq
and aligned. and
— z . .
| | ‘ | P |'|II ¥ Vi~ Y1y (e) discontinuous and
‘ || I ||l|'I 'l ,r\_ |\<:_\-’// 1‘a;1dom]y 01‘iented.ﬁber—
] |]| I — ~ "7~ _ L] reinforced composites.
I || ~ \/ 17~ Honeycomb
| | Transverse Y ||| | ||II S~ SO ha
‘ direction 1,1 I| I N\ /| ~TUS )
I TR AN Adhesive
| I||||I|I -~ -3
| ‘ |“|||||||I| l."_\/\/'_\
‘ ] [N I SN
I R N PPN
“ |||||||| Il' T/\\_\
ph b \I\/\_’f /\l / Fabricated
| | et li— —IN — sandwich
| Y S~ T Face sheet "
bl (e} Frever 16,17 Schematic diagram showing the construction of a honeycomb

50

core sandwich panel. (Reprinted with permission from Engineered Materials
Handbook, Vol, 1, Composites, ASM International, Metals Park, OH, 1987.)
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