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Thermoelectrics
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Carrier concentration (cm—3)
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m* — carrier effective mass

n — carrier concentration

U — carrier mobility

L — Lorenz factor (2.4 x 1078 J2K2C?)
C,— heat capacity

l,,— phonon mean free path

v, —mean velocity of sound (phonons)
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Figure of merit:
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Seebeck (for metals or semiconductors):
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Electronic conductivity:

o = neu

Thermal conductivity:

Ktotal = Kelec T Kiatt
where:

Kejoc = LoT ~ and  Kiate = §Clehvs

Snyder et al., Nature Materials, 7 (2008), 105




Phonon glass electron crystals

Reducing intrinsic thermal conductivity:

* Increased structural complexity
— Large unit cell
— High molecular weight
— Layering/superlattices

 Disorder within the unit cell

— Mass/strain disorder through

* Clathrates and skutterudites with framework alloying
structures containing guest cations. — Rattler effects

* Loosely-bound “rattler” guest atoms lead to
reduction of phonon velocities and therefore
thermal conductivity.

*  Chemical bonding
— Strong anharmonicity
— Soft chemical bonding

* This does not inhibit electronic transport which is
mediated through covalent framework.

Dolyniuk et al., Mater. Sci. Eng. R, 108 (2016), 1
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Oxides

« Titanates have unique electronic structures
—— with multiple carriers resulting from high
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Titanates

Lattice contribution dominant in oxides and is proportional to 12 o STio
phonon mean free path (,,): 10 [ _
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Point defect scattering

Cation substitution: 12 .
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Phonon mean free path

Cation substitution: 12 —
I i0,
*  Constant k of LNTO above room 10 o Sr,Dy,,TiO,
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A site disorder

HRPD Bank 1

Cation disorder:

Despite glassy «, material is
perfectly crystalline

» YRS
|

sy A L o,
L T 1 I 1 [ BT (O
1 I 1 I 1

6.0 0 8.0 9.0

Z I i i  Asite cations disordered

| across the site

I}I: lII III ll IlIIII|III IIl I|III!IIIII|IIIfIIIIllIIIIIlIlI

3 4 5 6 7 8 9

Intensity (a.u.)

SXRD ’ . HRPDBank2| e«  Glassy behaviour of k arises
| : _ | | » from random distribution of
5 ] A Ii T g = high-mass contrast cations
8 70,75 80 85 90 95 & | R
b b 1 | 1 I 1 I
D 3 4.0 5.0 6.0 7.0 ,
S 5 , * Yields phonon-glass
= = _ crystalline properties
| | | IIII 1] |II IllllllllllllIIIHIIIIIIIIIII III|IIIII | . |TLI | ||| |I | '| |||| ”.I I I|| |.I| IIII |
2 3 4 5 6 7 8 9 2 3 4 5 6 7
QA Q(A™)

Daniels and Savvin et al., Energy Environ. Sci., 10 (2017), 1917

4 UNIVERSITY OF

&/ LIVERPOOL




Phonon glass La, Na, TiO,
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Phonon glass La, Na, TiO,
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Static DFT calculations

——LNTO
—— STO

Phonon density of states:

* Low frequency region (<300 cm™)
contributes heavily to thermal
conductivity

La0 5Na0 <1103

*  Region well defined (narrow) for
SITiO,

* Resonance at ~110 cm™agrees
well with value used in Debye-
Callaway model used to describe «

* Asite cation disorder and high
mass contrast results in
broadened low-frequency region

Phonon Density of States

*  Flattening of phonon dispersions
similar to clathrates and

. 1 T y T T T
skutterudites 0 200 400 600 800 1000
Frequency/cm”
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Phonon localisation in La, Na, . TiO,

Phonon localisation: a 11-
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La, Na, Ti,_Nb,O,
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Band structures

Valence Bands

E o II

E Conduction L7 : !
Bands s 1_‘ M K 1_. A
Voo * Coexistence of dispersive and dispersion-less

Bands bands at the bottom of the conduction band is
retained in LNTO

P2’4 UNIVERSITY OF Daniels and Savvin et al., Energy Environ. Sci., 10 (2017), 1917
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Electronic properties
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Conclusions & plans

Conclusions:

* Phonon engineering of SrTiO, through substitution to La, .Na, . TiO, results in
phonon-glass thermal conductivity

* Chemistry of La, Na, - TiO, analogous to that of SrTiO,, meaning it can be doped
either through A or B site

* Phonon-glass thermal conductivity is retained upon B site substitution with donor
Nb5* which enhances electronic transport

* Thermal and electronic transport are largely decoupledin La, .Na, . Ti, ,Nb,O,,
yielding PGEC characteristics

Future plans:
* Explore high-mass contrast combinations to target other phonon glass systems
* Optimise processing of titanate ceramics to enhance PF further
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