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Fig. 1. (a) Microscopic physical process of electron thermal transport and electrical transport, including three-phonon scattering and

electron-phonon interaction; (b) the main research objects for thermal transport in metals, including the thermal transport in ele-

mental metals, metallic compounds, metallic nanostructure, and two-dimensional metals; as well as the effect of external environ-

ments, such as temperature and pressure on thermal conductivity.
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Fig. 2. (a) Percentage of electron and phonon thermal conductivity contributing to total thermal conductivity for several metals!.

(b) The phonon, electron, and total thermal conductivity of tungsten compared with experiments from 200 to 500 K (upper panel);

the Lorenz number of tungsten considering total thermal conductivity versus considering electronic thermal conductivity (lower

panel) 4 the dashed line is the standard Lorenz number L.
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Fig. 3. Variation of phonon thermal conductivity, electron thermal conductivity, and total thermal conductivity with temperature

for (a) NiAl®l (b) MgZn, and Mg,Zn,*2.
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Fig. 4. (a) Phonon thermal conductivity for NbC and TiC limited by phonon-phonon and phonon-isotope scattering (dashed curve),

phonon-phonon, phonon-isotope, and phonon-electron scattering (solid curve) from 200 to 1000 K3 Inset: The Fermi surfaces of

NbC and TiC. (b) The phonon thermal conductivity, electron thermal conductivity, and total thermal conductivity of TiN from
200 to 1000 K*l. (c) The Lorenz number of TiN from 200 to 1000 K.
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Table 1.  Electron and phonon thermal conductivity in

metals.
300 KTF#FR /(Wm LK !
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Fig. 5. (a) Calculated and experimental thermal conductivity with respect to thickness of copper nanofilmP%; (b) the calculated and

experimental normalized Lorenz number for gold/¢7.
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VSR e T ATk & He 2ok 30%, Hak 1
2R TAMEIZ) 40%. IT4EK 4B 9K S5k %
1E2ERA S R 2 SR B K 2 5. DL gk
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Fig. 6. Calculated (a) electron thermal conductivity and (b) electrical conductivity of copper considering MRTA and ERTAPY, com-

pared with the results from the Allen model; (¢) the calculated Lorenz number by MRTA, ERTA, constant relaxation time approx-

imation (Constant), Allen model, and the BG model for Cul®; (d) the electron scattering in an electric field and under a temperat-

ure gradient?. Note that the filled small spheres are occupied electron states and the open small spheres are unoccupied electron

states.
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Fig. 7. (a) Variation of thermal conductivity with pressure for aluminum, diamond, cubic boron nitride, and boron arsenidel™; nor-

malized electron thermal conductivity, averaged velocity, relaxation time, and total electron specific heat of (b) Al and (c) W as a

function of pressurel™.
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SPECIAL TOPIC—Heat conduction and its related interdisciplinary areas

Recent advances in thermal transport theory of metals”
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Abstract

Metal is one of the most widely used engineering materials. In contrast to the extensive research dedicated
to their mechanical properties, studies on the thermal conductivity of metals remain relatively rare. The
understanding of thermal transport mechanisms in metals is mainly through the Wiedemann-Franz Law
established more than a century ago. The thermal conductivity of metal is related to both the electron transport
and the lattice vibration. An in-depth understanding of the thermal transport mechanism in metal is imperative
for optimizing their practical applications. This review first discusses the history of the thermal transport theory
in metals, including the Wiedemann-Franz law and models for calculating phonon thermal conductivity in
metal. The recently developed first-principles based mode-level electron-phonon interaction method for
determining the thermal transport properties of metals is briefly introduced. Then we summarize recent
theoretical studies on the thermal conductivities of elemental metals, intermetallics, and metallic ceramics. The
value of thermal conductivity, phonon contribution to total thermal conductivity, the influence of electron-
phonon interaction on thermal transport, and the deviation of the Lorenz number are comprehensively
discussed. Moreover, the thermal transport properties of metallic nanostructures are summarized. The size effect
of thermal transport and the Lorenz number obtained from experiments and calculations are compared.
Thermal transport properties including the phonon contribution to total thermal conductivity and the Lorenz
number in two-dimensional metals are also mentioned. Finally, the influence of temperature, pressure, and
magnetic field on thermal transport in metal are also discussed. The deviation of the Lorenz number at low
temperatures is due to the different electron-phonon scattering mechanisms for thermal and electrical transport.
The mechanism for the increase of thermal conductivity in metals induced by pressure varies in different kinds
of metals and is related to the electron state at the Fermi level. The effect of magnetic field on thermal
transport is related to the coupling between the electron and the magnetic field, therefore the electron
distribution in the Brillouin zone is an important factor. In addition, this review also looks forward to the future

research directions of metal thermal transport theory.

Keywords: thermal conductivity, electron thermal conductivity, phonon thermal conductivity, Lorenz

number
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