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1 Introduction

Thermoelectrics(TE) for Energy Conversion

Seebeck effect (Heat energy to electrical energy)

Hot side Hot side _
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1 Introduction

TE Performance of Materials

Evaluation of Thermoelectric Performance of Materials

 Thermoelectric Figure-of-merit S: Seebeck coefficient
[ o: Electric conductivity
LI'= K I T: Absolute temperature

x: Thermal conductivity

Requirement for practical applications: ZT = 1

- Power Factor highzZtT
— high efficiency

PF = S%c — application



1 Introduction

Organic thermoelectric materials
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Intact core

Thermal restoration
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Core fragments can be self-healed/reconnected by thermal treatment



2 Scheme
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lllustration of the fabrication and stretching treatment of PC/CNT/PC composites



3 Results and Discussion

(a)

Tensile Stress (MPa)

d Mechanical properties at 160 °C

15 (b) 60 (c) 3

| |—PC-1100% min™" | pm I —CNT-1 10% min™ —DR=1.5
| |—PC-250% min™ —CNT-2 50% min™" —DR=1.75
——PC-3 10% min _ —— 50 —CNT-3 100% min™ 25 | —DR=2
. —DR=25
g 5  |-DR=3
S 40 S 2t Y
g 30 §
K 2
7 @
E, 20 é 1
10 0.5
O 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
600 900 1200 0 10 20 30 40 50 60 0 25 560 75 100 125 150 175 200
Tensile Strain (%) Tensile Strain (%) Tensile Strain (%)
PC film CNT vell PC/CNT/PC composite

Load speed of 100 % min-! was chosen for the PC/CNT/PC composites. For PC/CNT/PC,
the maximum draw ratio (DR) can reach about 3.

Draw ratio is defined as the ratio between the final length and the original length.



 Stretching and heat-repaired results
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4 Mlcroscope Images of PC/CNT/PC composﬂes

(b) | Comprehensive

Composite
Materials, 2000

Matrix
| ~critical length

Fibre

e § L]
¥
(C) 1200
1000 | f
£
2 800
% }
% 600 | }
S 400 |
[+]
: SIS
200
0 |||||| 1 1 1
DR =1.75 DR =2 " as 225 5 s

PC/CNT/PC can almost be repaired by thermal treatment and the critical fragment length
Is about 300 pm.



d Microstructures of heat-repaired CNT veils
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The SEM results show the thermal treatment can reconnect CNT veil fragments
electrically but not thermally.



4 TE performance of PC/CNT/PC composites
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d Thermal conductivity of heat-repaired CNT vell
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d Mesoscopic simulations of thermal conductivity of stretched
CNT vells
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4 Conclusion

0 PC/CNT/PC composites can form fragments via solid-state drawing,
which can be repaired by thermal treatment.

A 3.5-fold reduction in thermal conductivity of CNT veils (from 46 to 13 W m-1

K-1) has been achieved, combined with an increase in Seebeck coefficient of
10% and a decrease in electrical conductivity of 26%.

The maximum estimated ZT is 2.7 X 102 for heat-repaired PC/CNT/PC of
DR =1.5.
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