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Joseph Fourier (1768 –1830) 

• Fourier's law:

• The law of heat conduction: 

• κ  is constant !...?
• Dependent on T, orientation  

• Independent of SIZE 
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Energybandgap.com

1.2 应用: 热电材料    Thermoelectric (TE) 
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•低噪音
•大容量
•便携小巧
•冷暖两用
•极速制冷
•无制冷剂
•省电？
• 0.5度/天 10L (1-8 oC)
                  vs 
传统冰箱 0.5度/天 220L

1.2 应用: 热电材料    Thermoelectric (TE) 
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China 2011  R.E. 66%
2.3 billion ton coal/year*

T.E. Saving ￥ 90 billion #

* 2012 Energy development report of China 
# T.E. effeciency 5%,50% R.E.recovered,thermal 
power generation ￥0.2/kW-h

1.2 应用: 热电材料    Thermoelectric (TE) 
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State of  the art in TE

W. Liu, X. Yan, G. Chen, and Z. Ren, 
Nano Energy 1, 42 (2012).

 

 



10A Panasonic Power Device

•1.2 应用: 散热              Heat removel

• Faster computers run Hotter
• Heat removel

• Inside the chip (nanoscale)

• Via thermal interface material

• Temperature drop across interfaces

Due core

Transistor < 10 nm
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•提纲                      Outline
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2.1 1D:    High Thermal Conductivity of  Aligned Carbon 
Nanotube-Polyethylene Array -- Scientific Reports  5, 16543 (2015)



13

•Thermal conductivities vs length
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•The radial atomic density profiles, g(r)
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Thermal conductivity and thermal conductance
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2.2 2D:    Nanoscale Graphene Disk: 
A Natural  Graded Material -- Scientific Reports 5, 14878 (2015)

Fouirer
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•Mechanism



19

2.2 2D: A Revisit to Thermoelectric Performance of  Single-
layer MoS2  arXiv:1504.03852
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Comparison of  thermoelectric properties 
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•Thermal conductivity of  SLMoS2

Jiang, 2013
Liu, 2013
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2.3 3D: Enhancing zT by Low-Dimensional Electrical 
Transport in Phonon-Glass Crystals   Nano Letters 15, 5229 (2015)

Chen & Shakouri ASME J. Heat Transfer 124 242 (2002)
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• Thermoelectric Performance of  BDT

n

1020cm-3

S

μV/K

κe

W/m-K

κph

W/m-K
ZT

p-type 1.57 266 0.15 0.34 1.48

n-type 3.19 -199 0.06 0.34 0.38
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 Thermoelectric Performance of  BDT
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•总结                                    Conclusions
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