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Ceramic Materials

Advanced Ceramics Traditional Ceramics
Structural Ceramics Functional Ceramics Whitewares
: : Electronic substrate,
Bloceramics package ceramics Cement
Ceramics used in Capasitor dielectric, Abrasives
automotive industry piezoelectric ceramics
Nuclear ceramics Magnetic ceramics Refractories
HHSRD RIS E L BREATIES Optical ceramics Brick and tile
(tribological) P
Conductive ceramics Structural clay products
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Y STRUCTURAL CERAMICS
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Bending strength o (MPa)
These are used for

applications where a
component of an Microhardness H (kg mr™)
engineering system is '
subjected to high
mechanical, Tribological,
thermal, or chemical
loads. Typical structural
ceramics are alumina,
partially and fully

Themal shock resistance R (AT °C)

Density p (Mg m™)

Themal expansion

stabilized zirconia, coefficient a (x10°° °C ") ® ® ziconia
cordierite, mullite, spinel, A silicon carbide
A - W silicon nitride
silicon nitride and Themal conductivity 4, W (mK)" A

SIAIO NS’ S I ICoN Carblde’ Performance-application conditions, the values given are only

1tri I I diagram of four typical advanced structural tentative. Zirconia ceramics are characterized

boron nltrlde’ tltanlum ceramics: zirconia; silicon carbide; silicon by a combination of useful properties
nltrlde and tltanlum nitride; and alumina. Owing to the depend- unmatched by other oxide and nonoxide
! ency of the properties on processing ceramics.

u boride. ,
g 4

Classic and Advanced Ceramics: From Fundamentals to Applications. Robert B. Heimann
2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim, ISBN: 978-3-527-32517-7 Asst. Prof. Dr. Ayse KALEMTAS




¥ FUNCTIONAL CERAMICS

vescuo | demend ¢ Functional ceramics, in contrast to
i) i structural ceramics, utilize
2o,scums EVE| | - microstructural effects localized within
Co owde £ & PITIGS,  BaliOy 5 c
% Y ey the volume, at grain boundaries or at
7 e e3"S T s the surfaces of conducting or
' S 3 g}w / Jras nonconducting ceramics. Such effects
o. i
@mxm,a} %& %'33”“%% " F iﬁfﬂl encompass
oz e, B i, 5 5/ devond cinserte semiconducting, varistor,
Lonic R o o -
wousc. - w; ﬁ e amema piezoelectric, pyroelectric,
e AN El‘;‘;‘n";.c 7 “Mﬁ%&* f g ferroelectric and
Ty TS A T g *P“:f am superconducting properties. Novel
A0, 51, - 3 " . .
-  —— ; 7 ¢ 8 oo ceramic technologies for the
4, 513 w‘:ﬁ\ Q‘pﬂ 7 single cryghd .
éﬁ Mica ceramics et ﬂ?’@ owj"‘""gmﬁ ORI Cordirte A0y . c GUIOMOtIVE
e N e g iR industry include knock and oxygen
'y o = y \5
i em“;m«mm E cﬁ e e sensors, exhaust gas catalysts and
S T N g ngﬂ " s, fuel cells,
qs,e’ w 'c'ﬂ"'“ Absorption zedlite . .
B0, C
kS 5 as well as future ceramic gas turbines
= </ E and adiabatic turbo - compound diesel
. -E “ engines. |
3 ‘\ /
*._- ... 8 ed::lﬁl E::.Igl:ng leEngh'-e:q:dd - ,‘__".
L Elactrici Chermjstry > Classic and Advanced Ceramics: From Fundamentals to Applications. Robert B.
f / = Heimann, 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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@ Preparation of Advanced Ceramic Powders

Ceramic powder characteristics are important because
the purity of the powder sets the maximum purity level
of the final processed ceramic part, and the particle
size and size distribution play major roles in defining
the microstructure and properties of the final parts.

Both the purity and the microstructure of sintered
ceramics influence the properties of ceramic materials,
Including mechanical, thermal, electrical, and
magnetic  properties and chemical corrosion
resistance.

\ J
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= Preparation of Advanced Ceramic Powders

Properties of final ceramic products are
significantly affected by the properties of the
starting raw material powders, on which several
requirements are imposed.

= high purity

" fine particle size (< 1 ym)

" narrow particle size distribution
" free of agglomerates

= controlled particle shape

Q\omogenous chemical and phase composition/
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J Powder Preparation Methods

o

Kl'here are various ceramic powder preparaticn\
methods. One is a “break-down” process, in which
coarse particles are ground and divided into finer
ones, and the other is referred to as a “build-up”
process, in which particles are produced by special

Qechniques. /

[Ceramic Powder Preparation Methods

Mechanical

Chemical
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J Powder Preparation Methods
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Breaking-down process: Comminution and classification — powders by
grinding and milling of row materials that are either natural in origin or a
natural mineral after thermal decomposition or materials synthesised in

Cbuilding-up” process. y

Common Mechanical Powder Preparation Methods for Ceramics

Method Advantages Disadvantage

Comminution Inexpensive Limited purity
Wide applicability Limited homogeneity
Coarse particle size

Mechanochemical Fine particle size Limited purity
synthesis Good for non-oxides Limited homogeneity

Low temperature route
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¥ Powder Preparation Methods

Common Chemical Powder Preparation Methods for Ceramics

Advantages Disadvantage

Method

Solid-state reaction

= Decomposition, reaction between solids

Liquid solutions
® Precipitation or coprecipitation;

vaporization (spray drying, spray pyrolysis,
freeze drying); gel routes (sol-gel, Pechini,

citrate gel, glycine nitrate)
= Non-aqueous liquid reaction

Vapour phase reaction
= Gas-solid reaction

= Gas-liquid reaction

= Reaction between gases

Simple apparatus
Inexpensive

= High purity, fine particle
size, composition control,
chemical homogeneity

= High purity, fine particle
size

= Commonly inexpensive
for coarse particle size

= High purity, fine particle
size

= High purity, fine particle
size, inexpensive for
oxides

Agglomerated powder
Limited homogeneity for
multicomponent powders

= Expensive, poor for non-oxides,
powder agglomeration commonly a
problem

= | imited to non-oxides

= Commonly low purity, expensive
for fine powders

= Expensive, limited applicability

= Expensive for non-oxides,
agglomeration commonly a
problem
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U Solid-Phase Synthesis

A solid is a reactant in two general types of powder synthesis reacti(m
One-type is a fluid-solid reaction, where the fluid is either a liquid or a
gas. The other type is a solid-solid reaction.

Fluid-solid reactions can be represented by

A (fluid) + b B (solid) — d D (solid)
A (fluid) + b B (solid) — d D (solid) + e E (fluid)
b B (solid) — d D (solid) + e E (fluid)

In some cases, the solid product (D) forms a shell on the outside of
particle B, giving a diffusion barrier for further reaction. This type of
reaction is modeled as a “shrinking core” model.

\ _/
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¥ Solid-Phase Synthesis

Initial
unreacted

Low
conversion

Product

Time
e

layer

Reaction
zone

Unreacted

core

Time
b

High
conversion

Time

Completely
reated
particle

Final particle is
hard, firm, and
unchanged in size

Shrinking core model
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U Solid-Phase Synthesis

Examples of Shrinking Core Reactions

Porous iron Porous CaO

CO,

Nonporous

Nonporous FeO CaCoO,

FeO + H, 2 Fe + H,O CaCO; + heat = CaO + CO,
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U Solid-Phase Synthesis

4 _ ™)

In other cases, the product D flakes off the surface of particle B, because
there is a large differences in the molar volume reactant B and product D.
\This type of reaction is modeled as a “shrinking sphere” model.

Initial
unreacted
particle

Particle shrinks
Time Time @ Time o with time, finally
disappearing.

Flaking or gaseous
products cause
shrinkage in size.

[ Shrinking sphere model ]
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J Solid-Phase Synthesis

éefore the reaction kinetics can be discussed, ta
thermodynamics must be discussed to see if the reactions are

either spontaneous or at equlibrium.

= When Gibbs free energy of reaction is negative, the reaction Is
spontaneous.

= When Gibbs free energy of reaction is positive, the reaction Is
non-spontaneous.

= When Gibbs free energy of reaction is zero, the reaction is at

@ulibrium. /
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U Solid-Phase Synthesis

Oxidation reactions \

= Oxidation of metals and
= oxidation of sulfides are of interest in ceramic powder production.

The oxidation of sulfides is a common extractive metallurgical
process, generating an oxide ceramic powder. The oxide product is
usually an intermediate product on the way to metal production but
If sufficiently pure it can be used directly as a ceramic powder.

These reactions are strongly exothermic, which is typical of these
types of oxidation reactions.

The oxidation of metal powders is a method to produce relatively
Qre oxides. /
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U Solid-Phase Synthesis

Oxidation reactions \

Oy +4/13AI - 2/3A,0;  AH =-268.4 kcal/mole

= Oxidation of metals

= Oxidation of sulfides

Oy *+2/32ZnS — 2/3Zn0O, + 2/3 SO,  AH =-166.9 kcal/mole

-592.0 kcal/mole/
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J Solid-Phase Synthesis

/ Reduction reactions \

= Reduction reactions are frequently used to produce metal powders
and are not often used for the production of ceramic powders.

" These reduction reaction can, however, be the first step in a sequence
of steps to produce carbide and nitride powders.

Fe;046 +4Hy, —>3Feg +4H,0,5  AH =+ 36.6 kcal/mole

CuO +Hyg — Cug +H,04  AH =-20.2 kcal/mole
@2@) + 2 Hyg = Sk + 2H,0() /
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Nitridation reactions \

= Direct nitridation of metal powders is commonly used to produce
Siz;N,, AIN, BN and other nitrides.

" These reactions are strongly endothermic, requiring energy to
continue.

Ny +3/2 Sigy —> 72 SigNy)  AH =+ 89.5 kcal/mole

Ny + 2Alg) > 2AIN,  AH =+ 152.8 kcal/mole

Qﬁ +2Bg—> BNy AH =+ 120.4 kcal/mole /
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J Solid-Phase Synthesis

/ Liquid-solid reactions \

" These reactions take place at ambient temperature and follow
shrinking core kinetics similar to the solid-gas reactions.

" These reactions have reasonably fast reaction kinetics at low
temperatures because the liquid has a very high concentration of
reactant compared to the gas phase.

Ba(OH), (1, solution) + TiO, — BaTiO3, + H,0 (1)

Clzo (1) + 2AIN,y —> Al,O4 + 2 NH, (1, solution) /
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J Solid-Phase Synthesis

Solid-solid reactions

" These reactions are frequently used
multicomponent ceramic powders.

NiO g + AlyO5—> NIALO,

NiOg) + CryOg—> NiCryOy

MgO(S) + FezOg(s)—> MgFeZO4(S)

ZnO + Al,Oz5—> ZNAl,Oy

BaCOs ) + SiOy¢—> BaSiOy) + COy,y,
4B() + Cig> BsCyg)

SIOZ(S) + C(S)_> SIC(s) i COZ(Q)

w’m) + Ce> WC) + COy

\

to produce

/

Asst. Prof. Dr. Ayse KALEMTAS



MMMMM

Solid-solid reactions \

= Silicon carbide SIC is produced in large tonnages using the
“Acheson process” by reacting a batch consisting principally
of high-purity sand and low-sulfur coke at 2200-2500°C in an
electric arc furnace.

= High purity Si sources must be used to give high purity SiC.
= Homogenous mixing is desired.

SIO, + 3C — SIC + 2CO

= Acheson process: SiO, sand + C (coke) = electric arc furnace
(> 2000°C) - coarse SIC - grinding, purification; major method,

wurity Include: unreacted Si, Fe, O etc. /
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Thanks for your bind
allention
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