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lonic conduction

Y /1

> Yttrium stabilised zirconia

» Complex structure (see Lecture 8)

> No conduction electrons (band gap)

c~0.1Sm™!
c=0.02 Sm~! (800 °C)

. Copper (Cu):0 =6.0x 10" Sm™!
> Ale:;Z O — 10_10 Sm_l



~ Continuum theory of 1onic conduction

- Diffusion current caused by concentration gradients

- Drift current caused by applied field
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- Steady state: diffusion and drift currents balance

- Mathematical relationship between conductivity o and diffusivity D



Vacancy defects: one atom is missing

Interstitial defects: one extra atom in the lattice
Substitutional defect: replacing one atom by another atom
Antisite defect: exchanging the positions of two atoms

Topological defects: local changes in bonding...



Defects in materials

anion A~ cation BT

- lonic crystal: ATB™




Defects in materials: Schottky defect

- lonic crystal: ATB™
»  Stoichiometric defect:

~ One A vacancy

- One BT vacancy

~ NaCl, cubic ZrO;




Defects in materials: Frenkel defect

- lonic crystal: ATB™
»  Stoichiometric defect:

- One B vacancy

- One BT interstitial

- ZnS, AgCl




lonic motion in crystals
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lonic motion in crystals
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lonic motion in crystals
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lonic motion in crystals
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lonic motion in crystals
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Site jump




Site jump
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D :
D, : pre-exponential factor [m?s™]
Ey :

kg

T :

Lp

D — Doe kpT

diffusivity

'm?s~ 1]

energy barrier [J]

temperature

Boltzmann constant
[1.38 x 10723 T K1

K]
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Dy : pre-exponential factor [mzs—l]
a : jump distance [m]

[": jump rate (s~



» See derivation Arrhenius relation
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Zirconium dioxide ZrO- (zirconia)

/1

~ Zr sublattice Is fcc

- 8 tetrahedral interstices occupied by O

~ Fluorite structure (Course A)




Zirconium dioxide ZrO- (zirconia) tetrahedral
INterstice
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Zirconium dioxide ZrO; (zirconia)




Zirconium dioxide ZrO- (zirconia)

8 0%~ 4 7r4t

~ Charge balance:

X (=2)+4Xx(+4)=—-164+16=0
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monoclinic

a#*b#c
a=p=90"#y

1443

1170

tetragonal
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a=pf=y=90°
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Yttrium oxide Y,0; (yttria)

» Cubic structure

~ 24 O equivalent sites

» 16 Y sites:

- 4 are 6-fold coordinated with
equal bond lengths

- 12 are 6-fold coordinated with
unequal bond lengths (3 pairs)




Yttria-stabilised zirconia (YSZ2)

Y /1

- Add yttria to zirconia

> Cubic fluorite structure

~ Room temperature




Yttria-stabilised zirconia (YSZ2)

71" Y2

Q—©O

- Lost positive charge: +1

- Lost negative charge: 0



Yttria-stabilised zirconia (YSZ2)
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- Lost positive charge: +1

- Lost negative charge: —2



Yttria-stabilised zirconia (YSZ2)
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- Lost positive charge: +2

- Lost negative charge: —2



Yttria-stabilised zirconia (YSZ2)

For every 2 Zr*t ions we replace by 2 Y>* ions,
we create an oxygen 0%~ vacancy




Yttria-stabilised zirconia (YSZ2)

> Yttria-stabilised zirconia

~  Oxygen vacancies mediate ionic conduction




0-Bi203

~  Bi sublattice Is fcc

8 tetrahedral Interstices

- 6 tetrahedral interstices occupied by O

~ Fluorite structure (Course A)




0-Bi203

6 0%~ 4 B3t

~ Charge balance:

OX(—2)+4X(+3)=—-12+12=0




0-Bi,03: competing models

- Sites available that are displaced
- |deal tetrahedral sites from ideal tetrahedral sites

- 6/8 tetrahedral interstices occupied - Different distorted sites have
different occupation probabilities



0-Bi203

- 0-Bi203

- Average of 6/8 oxygens per cell

~  Oxygen vacancies mediate 1onic conduction




monoclinic (x-Bi,03)
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cubic (0-Bi,05)

a=>b#c
=pf=y=90

tetragonal (f-Bi,0s)

monoclinic (a-Bi,0s)
a+*b+#c
a=p=90"#y
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monoclinic (a-Bi203) cubic (y-Bi203) cubic (0-Bi;03)
b
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