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Motivation
• Due to low efficiency, high cost, and poor mechanical properties, it 

is hard to apply thermoelectricity into large systems
• A thermoelectric composite material accompanied by structural 

design can provide high performance

Fabrication 

Cell morphology

Thermoelectric performance
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(CNT+PEDOT:PSS coated MF)/(PUF)(CNT coated MF)/(10wt.%Bi₂Te₃ PUF)
-20

-15

-10

-5

0

5

10

15

20

Se
eb

ec
k 

co
ef

fic
ie

nt
 (µ

V
/K

)

 Seebeck coefficient
 Electrical conductivity
 Thermal conductivity
 Figure of merit

1.0E-02

1.0E-01

1.0E+00

1.0E+01

1.0E+02

E
le

ct
ri

ca
l c

on
du

ct
iv

ity
 (S

/c
m

)

0.01

0.1

1

T
he

rm
al

 c
on

du
ct

iv
ity

 (W
/m

K
)

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

Fi
gu

re
 o

f m
er

it
(CNT+PEDOT:PSS 
coated MF)/(PUF)

(CNT coated MF)
/(10wt.% Bi2Te3 PUF)

Experiment

Results

Mechanical properties 

Pristine PUF MF/PUF
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Pristine PUF MF/PUF

Material Ester 
Polyol

Ether 
polyol

Silicone 
surfactant Catalyst Water Isocyanate

Weight 
percent (%) 30.25 20.17 1.01 0.05 1.76 46.76

Table 1. Composition of the polyurethane solution

Preparation of MF Dip-coating with CNT 
aqueous solution and 
drying in an oven at 
70°C for 12h

Dip-coating with 2wt.% 
SDS of PEDOT:PSS 
aqueous solution and 
drying in an oven at 
70°C for 12h

Soaking in EG solution 
for 1h and annealing at 
140°C for 10h

 P-type foam; (CNT+PEDOT:PSS coated MF)/(PUF)

Impregnation of PU 
solution to form 
closed-cell 
thermoelectric foam

Step 1) Step 2) Step 3) Step 4) Step 5)

 N-type foam; (CNT+PEDOT:PSS coated MF)/(PUF)

Preparation of MF Dip-coating with CNT 
aqueous solution and 
drying in an oven at 
70°C for 12h

Preparation of 10wt.% 
Bi2Te3 of polyol 
solution

Impregnation of PU 
solution to form 
closed-cell 
thermoelectric foam

Step 1) Step 2) Step 3) Step 4)

Cf. Impregnation of PU solution assisted by vacuum

Open-cell foam Vacuum pump

Mold

Solution

Home-built thermoelectric 
performance measurement device

Compression test 
(ASTM D1621-16)  

Measurement
z

Application

CNT

PEDOT:PSS PU

Bi2Te3

Objective
• Fabrication of 3D bulk closed-cell thermoelectric composite foam 

with high thermoelectric and mechanical performance

P type
N type

Structural thermal management system

Electric vehicle
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Conclusion
• 3D bulk thermoelectric composite foam with high thermoelectric 

and mechanical performance for both P and N type was fabricated
• Further treatments such as acid treatment can make it to apply 

various system as enhancing its performance
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