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Kriiger - Vink Notation

<




Proposed in 1956 by F.A. Kroger and H.J. Vink in

the journal Solid State Physics (F.A. Kréger, H.J. Vink,
Relations between the Concentrations of Imperfections in

Crystalline Solids, Solid State Physics, Volume 3, 1956, 307-435)

Set of conventions used to describe
lattice position and electric charge for point
defects in crystalline structures

The key concept is the crystal lattice to consist
of POSITIONS and ATOMS




Vacancy

® There can be unoccupied positions :

these empty positions are called VACANCIES

® In the picture, there is a Na vacancy, which is
mbolized by:




Vacancy a Lharge

However, like ions, also vacancies have charge:

e.g. proceeding with the previous example, the
absence of a ion Na™ leads to a lack of positive
charge, meaning a  negative  charge
concentration!

Vacancies have always OPPOSITE
CHARGE to the missing ion




Charge

|
® N negative charge e.qg. VNa

[Oxygen vacancy

® ® - positive ch V.
oSsIitive Charge e.d.
P 9 2 O with 2 (+) charges]

X
®% > neutrality e.g. CZCZ
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Supstitutional det

® An atom oraion can be replaced

BCT
by another:

@ The Ca ion took the place of the Na ion, which

is symbolized by:
Ca,,

® As Ca ion has 2 (+) charges, while Na ion has
only 1 (+) charge, there is a total 1 (+) charge, so:

Ca,,



Interstitial defect

An atom or a ion can be present on any site that
would be unoccupied in a perfect crystal, as is
typical for H" ions in metallic lattice:

Interstitial 4" ion in Fe lattice is symbolized by:



® electron:

Pure electric charge

€

<




[uasi - Chemical Approach
to defect formation

<




Apply Chemical Equilibrium concepts to solid
dissolutions of a substance into another

In order to be able to describe (hence with

predictive purposes also) defects formation
“reactions”



ULES for defect formation “reactions”

1) SITE BALAN

2) MASS BALANCE,




Given a generic compound M ,Xp:

® SITE BALANCE: at equilibrium the ratio of #M SITES

(NOT actual atoms) to #X SITES must always be
preserved

> So, creating anionic sites must lead to the creation of cationic
sites as well (and vice versa) INTHE RIGHT RATIO

® MASS BALANCE: defect formation reactions can't
create nor destroy mass

® CHARGE BALANCE (Electro Neutrality Condition):
preservation of crystal global neutrality

> So, there can't be reactions which leave the crystal charged

> So, the total sum of negative electric charges must be equal to

total sum of positive charges
-






Fertect Lrystal

Crystal which has a completely ordered
structure with atoms at rest and electrons
distributed in the lowest possible energy states.

But REAL crystals contain a variety of
imperfections, or defects.

In crystalline ceramics the structure and
chemistry of the material will be determined by
the kinetics of defect movement.



etects

® What is special about ceramic defects is that
they can be charged, while metals cannot.

® DEFECT HIERARCHY: defects are often classified
in terms of a dimensionality: oD, 1D, 2D, or 3D.

Point defects
Line defects

Surfaces
Grain boundaries
Phase boundaries

Volume defects

@ NB: In spite of the classification, ALL these
defects are three-dimensional!




Hoint defects

Point defects are particularly important in
ceramics because of the role they can play in
determining the properties of a material.

e.g. the entire semiconductor industry is possible because of
minute concentrations of point defects that are added to Si
(dopants determine the whole material electrical properties:
if it's n-type, p-type, or semi-insulating).



Hoint defects
@ Types of point defects:

> Misplaced atoms & Solute atoms (substitutional
defects: atoms or ions are replaced by others),

> Vacancies (empty positions),

> Interstitials (atoms or ions present on any site
that would be unoccupied in a perfect crystal),

> Electronic defects (electrons and holes),

> Associated centers (two point defects which
interact so that they can be considered as a single
defect; if more atoms are involved, they would be

called a defect cluster or a defect com%x).



Solid Solutions

If a material crystallizes in the presence of foreign
atoms, their inclusion in the main crystalline
structure could:

Increase significantly system’s energy = foreign atoms
would be almost completely excluded from forming
crystalline structure

Decrease considerably system’s energy = there would be
the development of a new crystalline form

In intermediate cases, foreign atoms would fit in a
random way in the forming crystalline structure = SS

SS are stable, of course, when the mixed crystal has
a lower AGs,,.tion than the other 2 alternatives.



Let’s try to apply Quasi — Chemical Approach rules to 2
real instances:

SS of calcium chloride (CaCl,) in sodium chloride
(NaCl), which we would assume as a perfect crystal:

@ First of all, SS of CaCl, in NaCl is indicated as
follows:

CaCl, —

® MASS BALANCE:
C Cl NaCl
aCl, >Ca,, +2Cl.,




® CHARGE BALANCE: being Ca™ the cation, it
would probably substitute host Na™ cations,

leading to an exceeding (+) charge = adding
charges to previous equation:

CaCl, — sCa, " +2Cl,~

but this equation doesn’t balance charges!! So...

® SITE BALANCE: in this example the right ratio

anionic/cationic sites is 1:1: our equation doesn’t
balance lattice sites neither! So...

CaCl, —" > Ca, " +2Cl., +V,
/ /




REMARKS:

@ All balances are related to a perfect, neutral crystal.

® Having charge separation, we expect the new crystal to be a
better conductor...

@ The equation we wrote gives us a better knowledge of the
system in an atomic scale:

e.g. we could represent it as:

[%x] close enough to

balance charges!



SS of titania (7i0,) in magnesia (Mg0), which

Id still assume a perfect crystal

® Mg has a double valence, while 7i has 4 (+)
charges...

Ti0, —**—>Ti," +20," + Ve




schottky Disorder

Simultaneous anionic and cationic vacancies.

Total stoichiometry of the solid isn't
compromised by Schottky disorders, because
the number of empty M and X sites is balanced
as to preserve local electro neutrality.

Opposite charged vacancies tend to associate

(they carry an effective charge), so they'd never
be too far-away from one another.

Schottky disorder formation “reaction”:

7y — MeO >VMg” o




schottky Disorder

This is a common defect in alkali halides at
highT.

In oxides vacancies AGs, ation 1S 2X-3X
AGs, mation(@lkali halides), so at equilibrium
the number of S. disorders in not relevant
until very highT.



-renkel Uisorder

® Auto-interstitial defect: there is the same
number of reticular vacancies and interstitial
atoms, cause reticular atoms migrate in
interstitial positions.

. TiO |||| YXX
11, —> V. + 11,

® e.g. halide: A4gBr Ag , —= V + Ag

® €.g. oxide: Y203 OO Y,0; N VOH i Oioo _

~




rrenkel Uisorder

This is a common defect in:

Crystals with fluorite structure, which has large
interstitial sites.

Crystals with high polarizable ions, which can in an
easier way set up in interstitial sites.

The energy change for F. disorder formation
depends strongly on reticular structure and ion
characteristics.
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S of [illy in Mgl

We wrote

Tio, —%°>Ti " +20, +V,,

for substitutional SS, but it could be also an interstitial SS:

Tio, —°—Ti, " +0'+0,

Which one is better?

Evaluate AG° and choose the favorite!

Usually it is AG; >> AG, = easier formation of vacancies
than interstitials.



S of [illy in Mgl

This specific instance follows that general rule,
too, as the passage of atoms to interstitial
positions requires quite high energies:

AH, >>AH, *

— almost the entire part of defects will be
substitutional:

Tio, —%° 5 7Ti,, " +20," +V,! vV
Tio, —°—Ti, " +0'+0,’




[irconia doped with calcia

@ There are, again, 2 possibilities:

@

@ CaO—2%5Ca,"+0,+V,"

@ Zirconia has a Fluorite structure = lots of empty
space inside = interstitials are not automatically
privileged...

®© So??

-



[irconia doped with calcia

Let’s consider the profiles of density in function of
mole % of CaO in ZrO, (atT,.,,):

10 15 20 25
mole % CaoO

Experimentally, reaction @ is the favourite.




Lambda sensor
(or oxygen sensor)




[irconia doped with yttria

Y,0, —2% 527V, +V," +30,"

Applications of pure zirconia are restricted because it
shows polymorphism:

It is monoclinic at room temperature

Changes to the denser tetragonal phase from circa 1000 °C.

The phase change t-ZrO, S m-ZrO, shows a large
change in volume (AV=5%) which causes extensive
cracking.

The addition of some oxides (like CaO, Y,0,) results in
(meta)stabilizing the t-phase (or c-phase§ at room
temperature.




Yttria-stabilized
lirconia

Cubic zirconia (or CZ) : hard, optically flawless and usually
colorless (but may be made in a variety of different colors).

Single crystals of the cubic phase of zirconia are commonly used
as diamond simulant in jewellery.



Magnesia doped with lithium fluoride

LiF —Me© >Lng' +F°

Magnesia doped with alumina




[uasi - Chemical Approach
Constant of Reaction

<




There's a need of a more immediate way to
estimate defect concentration in crystals.

Applying:
Kroger —Vink notation
Quasi — Chemical approach

to equations that represent defect formation’s
processes

A “constant of reaction” for those equation can
be defined.



Withe.g.: Ti0, —=>—Ti,,” +20," + VMg"

Defining: n, =# sites for species Y

[M ‘\,]z fraction of X species'reticular sites which

have been occupied by M atoms

#HTi* . n .

- #Mg?‘/ q - My,
cm’ O/
cm’

- i3 0, ] 20
[ II]: M%/l?’ :nmg” / e’
C‘I’I/l3 /




SYe}

(where activity of solute specie is at the denominator)

|ll

And, going on with the "Quasi — Chemical” approach:

AGS
_ , RT
K. =e
Where AG® is energy change associated with the dissolution
process of 7i0O, in MgO




ENC (Electro Neutrality Condition):

EQHT- - :\z‘qn,/mll

n n

e I
Tiyy, Vg

— = — [Tng..]: [VMg”]

I’lMg nMg

Finally, the (1) becomes:

AG®
[T ng'.]: ("Tz'o2 )%e QR -

which permit to ESTIMATE DEFECTS CONCENTRATION

NOTE: 0<|[Ti,, " |<1



Phase Diagram

In the phase diagram:




Phase Diagram

So, when you come down on a composition line:
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schottky Disorder in magnesia




schottky Uisorder in magnesia

Ho =Ny = nMgO

ENC . 2en . —Zen / [ ] [V ] E

® So,atT=2,000K=[V] =107
® = in 1 mol there'll be = 1014 defects.(nV = [V]WMgO )

® NB: in a real crystal, there'll be, in any case, AT
LEAST 10! — 107 defects/mol

® =[V]= 10— 107

»



schottky Disorder in alumina




schottky Disorder in alumina



schottky Uisorder in alumina

® So:

> 1 Schottky disorder in alumina disarranges 5
points in crystal structure (3V5and 2V,))

> 1 Schottky disorder in magnesia (previous

example) disarranges 2 points in crystal

structure (1Vgand 1Vy,)
-



dchottky disorder's energy of formation




Frenkel Disorder in urania




Frenkel Disorder in urania
ENC : 4enU..... = 4en

Al




Fuel rods
for nuclear reactors



Frenkel disorder's energy of formation
STRUCTURE

MgO — Mg 13.5
Oxygen has
MgO -0 17.6 also a bigger

steric effect

Al,O, - Al 14

Al,0,-0 16.5
Uo,-U 3.4
CaF,-Ca 2.8

till 147 °C:

(over 147 °C:
and there is also a Agl—Ag
metastable form,

with str.)




Concentrations of charge carriers
(electrons and holes)

<




n=72
8 electrons

Six allowed levels
at same energy

Twa allowed levels
at same ¢nergy

sp
2 electrons n=23

Schematic of an isolated Si atom

Consider a regular periodic arrangement of atoms in which
each atom contains more than one electron (eg Si).

Suppose the atom in this imaginary crystal contains e~ up
through the n=3 energy level.

If the atoms are initially very far apart , the e in adjacent

atoms will not interact and will occupy the discrete energy
levels.



aN emp(:.
">~ states

— 2.\"4'2‘\"
filled states

2
o
g
o
5
-
3
R
=

decreasing

A atom spacing 2584
isolated Si lattice

Si atoms spacing

Splitting of the s and p states of Si into the allowed and forbidden energy bands

If these atoms are brought closer together, somehow

(quantum mechanics), their quantized energy levels split and
turn into many states grouped in “energy bands” (see

diagrams)

Conduction only happens if electrons have empty “states”
available at nearby energy



Considering an intrinsic semiconductor we have:

I LS P
//,/ ~///CONDUCTION BAND //,//
‘ / /// / // _ / /
//////,‘ ///’¥ //, ////
, KINETIC ENERGY or-' ELECTROE\I/;//
ELECTRON LLLisd . .

ENERGY

’ ///// SN

/ /
L AINETIC ENERGY/OF fioLE -
,/ ///,/'//////.’/‘// / / / S S f,,’
g ..//'/v / " // / 4 /"'"."
/VALENCE BAND Pr

— DISTANCE

When an e springs from VB to CB, it leaves
a hole in VB



According to Quasi — Chemical approach it's
possible to represent this process as:

O——>e+n

= ke v
Jr s
where: Ne Ny
e
h—C
CC
_ ftholes
= "cc

N, =#available states (= electron E levels) in CB
N, =#available states (= electron E levels) in VB

-



® We have that

N.=N, = 25.10°

cC

® This is @a number little lower than the number of
atoms in 1 CC

O ) A1 MO




If, as supposed, the S.C. is intrinsic, we can
obtain the concentrations of charge carriers
equation:

l

Egup

2
— np=n_=N.N,e ™

_Egup

— n, z\/NCNVe KT




® Some E.,p values for ceramics:

AlLO,

Si

Single crystal ZnO
Cd doped ZnO
Mg doped ZnO

Single crystal TiO,

(Ceramics Science and Technology: Properties; Volume 2; Ralf Riedel, I-Wei Chen)

® Pay attention!! There are direct and indirect
S.C.s, which means they may have respectively
a direct or indirect transition... /



Irect transition Indirect transition




Why did we evaluate AH (instead of AG)?

Usually AG® is due mostly to system’s free
energy, as:

AG = AH — A(TS)

AH = AU + A(PV)

— AG = AH = AU



0<|Ti,, " ]<1

qualitatively:

If itis:




X UO XYY Il
U, —Y sy 4y,

|Uy] is SUBSTANTIALLY 1

® Given a generic compound M X5,

® With, e.g. 109 atoms of M:
1#V
10” # M

[VM ] =107 =

e #M,cf, _EM,#V 1071




on-stoichiometry in Kroger Vink Notation

® (Cd,O is non-stoichiometric (and this is due to the fact that more than one
oxidation state is available for Cd)

®© Q- e/ +h le/l [h' ] — Ke Ke — e—Eg/RT

® @ — V(')'+ch = K, K, = e “Es/RT
1 . . 1,1/2 -

® 0f— >0z Vo + 2¢’ V5] le _ POZ/ =K, K, = e Ep/RT

o e/ |ve +2|vi| Nt =0 1Ny +2 V5N, £

® N, density of states in the conduction band




Kroeger-Vink diagram for metal oxide semiconductor

MO




Famous case of non-stoichiometric compounds:
ceramic superconductors

® YBa,Cu,0,

-X




roperties of Ceramics







Melting temperatures






Heat capacity



Thermal conductivity, W/m-K
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AIN contains always some Al,0s. Industrially some Call or Y;0s is

added, which reacts with Al,0; but then it remains isolated in triple
junctions




hermal condutivity for binary systems




Thermal diffusivity, 102 cmz2/sec
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Thermal expansion

Definition of
Thermal Expansion Coefficient

Y
~ 1,AT

a



Thermal expansion



rains are too large, fractures due to thermal expansion mismatch
can occur also in pure compunds if they have thermal expansion




Thermal expansion coefficient, 108

60 Lil
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Preparazione di uno specchio telescopico in vetroceramica

ZERODUR della Schott: CTE 0,02x 10 k! (0° - 50° C)




Young's modulus

E=CMf?
C constant on shape
M mass of the component

f flexural resonating
frequency

L Young's modulus

Strain le— |

ALTE _? E S = AL
| = =
! Strain AL/ L

Stress |
FiA -;j—»F i A

el
AL

Digitare I'equazione qui.



Hoisson

transverse strain (x) to t

ALy /LY,
- 0
ALy /LY

ndulus: it is

the ration of the

1e axial strain (y)




Rigidity modulus: it is the ratio of the shear
stress to the shear strain

F L
_AAx




gulk modulus: it is the ratio of the isostatic
stress (pressure) to the volumetric strain




elations among elastic constants

® E, Young modulus

® v, Poisson modulus
® G, Rigidity (shear) modulus

® K, bulk modulus

®E=2G(1+v) E=3K(1-2»




Importance of TEC: Stress build-up

To, 1 > T, > T,

Material 1

If materials are joined together there must be displacement compatibility,
which generates stresses

‘ i # compression




Asby map Young madulus/density






YOUNG’S MODULUS OF ELASTICITY E(psi)
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Strength



https://www.youtube.com/watch?v=D8U4G5kcpcM
https://www.youtube.com/watch?v=D8U4G5kcpcM

Bending strength in 3-paints



Ashby map strength/density



Ashby map strength/density



Urowan approach

oth =

Ao
Table 5.3 Comparison of Theoretical Strength and Actual Strength
Measured
Estimated Measured strength of
theoretical strength polycrystalline
E strength of fibers specimen
Material [GPa (psi)] [GPa (psi)] [GPa (psi)] [GPa (psi)]
AlLO;! 380 38 16 0.4
(55 x 10°% (5.5 x 10° (2.3 x 109 (60 x 107)
SiC 440 A4 21 0.7
(64 x 10°) (6.4 x 10% (3.0 x 109 (100 x 107

‘From R. J. Stokes, The Science of Ceramic Machining and Surface Finishing, NBS Special
Publication 348, U.S. Government Printing Office, Washington, D.C., 1972, p. 347.






Griffith equation

(ais crack length)



IRWIN approach: consider together stress AND crack length

Mode I: Mode II: Mode III:
Opening In-plane shear  Out-of-plane she:



K=Y0\/7za
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September 1981 A Critical Evaluation of Indentation Techniques for Measuring Fracture Toughness: I 535
Table I. Materials Used in Indentation Toughness Studies

Grain size

Material Characterization (pm) E(GPa) H(GPa) K_(MPasm"?) Toughness measurement’
Glass-ceramic (C9606)° Glass-ceramic 1 108 8.4 2.5 DCB (standard)
Soda-lime glass 1 Amorphous 70 <] 0.74  DCB (standard)
Soda-lime glass II° Amorphous 73 5.6 0.75 DCB (standard) (Ref. 27)
Aluminosilicate glass®  Amorphous 89 6.6 0.91 DCB (standard) (Ref. 27)
Lead alkali glass® Amorphous 65 4.9 0.68 DCB (standard) (Ref. 27)
Al,O, (AD999)* Polycrystal 3 406 20.1 3.9 DCB (standard)
AL,0; (AD90) Polycrystal 4 390 13.1 2.9 DCB (standard)
ALO; (Vi)* Polycrystal 20 305 19.1 4.6 DCB (D. B. Marshall)
ALO, (sapphire)’ Monocrystal’ 425 21.8 2.1 DT (A.G. Evans’ and E. A.
Charles,” Ref. 20)
SisNy (NC132)* Polycrystal 2 300 18.5 4.0 DCB (standard)
SiaNs (NC350)* Polycrystal 10 170 9.6 2.0 DT (S. M. \Yiederhom‘ and
N.J. Tighe®)
SiIC(NC203)* Polycrystal 4 436 24.0 4.0 DT;I; (]S. 'IM .h:\!icdcrhom‘ and
-J. Tighe’)
ZrO (Ca-stabilized)" Polycrystal 50 210 10.0 7.6 DCB (D. B. Marshall)
Si' Monocrystal® 168 10.6 0.7 DT (S. M. Wiederhon* and
E.R. Fuller)
WC (Co-bonded)” Polycrystal 3 575 13.2 12 DT (S. W. Freiman')

Pyroceram, Coming Glass Works, Coming, N. Y.* Commercial sheet glass. “National Bureau of Standards, Washington, D. C. “Coors Porcelain Co., Golden, Colo. “Vistal,
Coors Porcelain Co. /Linde, Union Carbide Co., New York, N. Y. *Norton Co., Worcester, Mass. *CSIRO, Australia. “Texas Instruments, Inc., Dallas. ‘Rods, [0001] 30° to axis.

*Disks, [111] paralle! to axis. ‘DT ~double torsion, DCB=double cantilever beam. “University of California, Berkeley. "Rockwell International Science Center, Thousand Oaks,
Calif, *National Bureau of Standards.
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Fig. 5. Plot demonstrating correlation between toughness values
determined by indentation and by conventional means. Filled symbols
denote reference materials used to evaluate constant 8% in Eq. (4). Vertical
error bars represent uncertainty (standard deviation) in parameter P /c,"”
obtained from Fig. 4, horizontal error bars nominal accuracy of K, values
taken from Table 1.




Indentation Strength in Bending, determination of K,

Sample is indented and then tested in bending with indentation on the tensile side


















2ep tests

Ds://www.youtube.com/watch?v=/"" .~ 1



https://www.youtube.com/watch?v=k8Py4-SdjyU

Microstructure: grains and grain boundaries
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Progress in the creep rate of Si;N4 from (381 to 13338




Flow mechanism in creep

Stress

ﬁ Vacancy

source

Flow of vacancies according to (a) Nabarro—-Herring
and (b) Coble mechanisms, resulting in an increase in the
length of the specimen.




ical exponents for GS and stress




Nabarro Herring Deformation maps




Ashby map Therm. Expan./therm Conduc



Thermal shock resistance




Thermal shock resistance

Table 8.8 Calculated Values of the Thermal Shock Parameter R for
Various Ceramic Materials Using Typical Property Data

Thermal Elastic
Strength,*  Poisson’s Expansion, Modulus, 5 _ o(l — v)
o Ratio, [e" E aFE
Material (psi) v (in./in. - °C) (psi) cO)
Al,O; 50,000 0.22 7.4 x 10-° 55 x 10° 96
SiC 60,000 0.17 3.8 x 10-°¢ 58 x 10° 230
RSSNP 45,000 0.24 2.4 x 10-° 25 x 10¢ 570
HPSNP® 100,000 0.27 2.5 x 10-° 45 x 10° 650
LASY 20,000 0.27 —0.3 x 10-° 10 x 10° 4860

“Flexure strength used rather than tensile strength.
"RSSN, reaction-sintered silicon nitride; HPSN, hot-pressed silicon nitride; LAS, lithium
aluminum silicate (S-spodumene).
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Figure 8.32 Typical results of retained strength versus thermal shock AT for
quench test. Example is for hot-pressed Si;N, material containing 3% MgO as a

densification aid. (From G. Ziegler, in Progress in Nitrogen Ceramics [F. L. Riley,
ed.] Martinas Nijhoff Publishers, The Hague, 1983.)

Thermal shock testing of Schott glasses



https://www.youtube.com/watch?v=wx8tvc2HnUI

Stress data for Weibull plot




Data from SKF
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Figure 15.6 Example of Weibull curve generated from strength test data for re-
action-bonded Si;N,. (Data from Ref. 6.)
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Figure 15.10 Weibull plots comparing the strength of a sintered Si;N, fabricated
by various techniques. IP is isostatically pressed, SC is slip-cast, and IM is injection-
molded. (From A. Pasto, J. Neil, and C.L. Quackenbush, paper presented at
International Conference on Ultrastructure Processing of Ceramics, Glasses and
Composites, Gainesville, Florida, Feb. 13-17, 1983.)



suggested failure probabilities with Weibull approach
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Figure 15.11 Finite-element analysis model for a ceramic rotor blade for a gas-
turbine engine. (© ASM International.)
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Figure 15.12 Rotor blade spin proof-test results that show good correlation be-
tween predicted and actual probability of failure for hot-pressed Si;N, rotor blades.
(From D. W. Richerson, Design with ceramics for heat engines, paper presented
at U.S./Japan Seminar on Structural Ceramics, Seattle, Wash., Aug. 13-15, 1984.)




Ceramic cutting tools




Ceramic cutting tools




ghening of ceramics: what can we do?




Crack Deflection




second phase: fibers, whiskers, metal particles




SiG Whiskers




\i-Go GERMETS (CERamic-METal) with TiG




NB: The material is ZIRCONIUM OXIDE, ZrO.,,.

CUBIC 100 cm3 of tetr.agonal ZrO, expand to give 105
2100°C>T>2800°C (T.F.) €M?3 of monoclinic- ZrO,
(5% transformation strain)

MONOCLINIC
TETRAGONAL 1100°C>T> Room Temp.

1100°C>T>2100°C (T.F.)

Cop I



nsformation toughening: Zirconia




The transformation toughening of ZrO,

At the crack tip, tetragonal ZrO, particles transform to monoclinic; they try to
expand and, consequently,

EXERT A CLOSING PRESSURE ON THE ADVANCING CRACK!

Monoclinic ZrO,
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Alumina-zirconia composite fro hip joint prostheses




ncrease of toughness usually [eads to
increase in weibull modulus
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Figure 15.8 Example of the use of Weibull plots to compare material. (Adapted
from J.F. Rhodes, H.M. Rootare, C.A. Springs, and J.E. Peters, data presented
at the 88th Annual Meeting of the American Ceramic Society, Chicago, Ill. April
28, 1986.) "




Naw materials for traditional ceramics

Halloysite Al,Si,0.(OH),-2H,0
Montmorillonite
(Na,Ca), ,(Al,Mg),Si,0,,(OH),-n(H,0)

In genere prodotto di dilavamento feldspatico:
Feldspati (Ba,Ca,Na,K,NH,)(Al,B,Si), Og






Montmorillonite



Clay quarry




Bayer Process: Al,[; production




Bayer Process



[irconia powder preparation




Mullite preparation




Acheson process: 3G + Sill,=>3SiC + 2C(0






Sol-gel process outline

Heatmg

I_l

Xerogel Film Dense Film

Solution of Precursor Coating

Evaporation Heating

Dense Ceramic
or Glass

Hydrolysis &
Condensation

e Gelling Wet Gel

Supercritical
Drying

Precipitation » Q&ﬁé

Uniform Powder

Spinning

Fibers



Sol-gel approach for Znl coatings









