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Preparation and property of thermoelectric composite textile materials
with carbon nanotubes/polymer

XIE Jiao' WANG Jiajun® YU Qiuyan® KHOSO Nazakat Ali' ZHAO Jiajia'
(1. Silk Institute College of Materials and Textiles Zhejiang Sci-Tech University Hangzhou Zhejiang 310018 China;
2. National Engineering Laboratory for Textile Fiber Materials and Processing Technology Zhejiang Sci-Tech University
Hangzhou Zhejiang 310018  China)

Abstract In order to obtain a novel flexible and wearable thermoelectric materials ( poly (3 4-
ethylenedioxythiophene) and poly( 4-styrenesulfonate) ( PEDOT/PSS) were used to evenly disperse carbon
nanotubes ( CNTs) onto fabrics CNTs/PEDOT/PSS thermoelectric composite textile materials were
prepared by dipping-drying method. The surface morphology and crystallization of the thermoelectric
composite textile materials were characterized by field-emission scanning electron microscope and X ray
diffraction. The Seebeck coefficient electrical conductivity and thermal conductivity of CNTs composites
with different contents were measured. The thermoelectric properties were studied by calculating the
thermoelectrc figure of merit ( ZT) value and the wearability such as moisture permeability and wrinkle
recovery were studied. The results show that with the increase of CNTs content the Seebeck coefficient and
the electrical conductivity are increased and the thermal conductivity remains at a lower level the ZT value
is increased the thermoelectric properties are gradually enhanced the moisture permeability is decreased but
the wrinkle recovery is better. When the CNTs content is 0.4% the ZT value reaches 2.99 x107°.

Keywords thermoelectric composite textile material; poly ( 3 4-ethylenedioxythiophene) ; poly ( 4-

styrenesulfonate) ; carbon nanotube; thermoelectric property; wearability

12018 -01 - 15 2018 -07 -29
(1991—) o o
E-mail: wangjjhz@ 163. com.



11 ; / * 51
( DMSO
) o
1.2
( ) KQ118
. . . ) DZF-6050 (
. SN ! ) Vlira55
( FE-SEM Carl Zeiss SMT )
DX2000 X ( )
. 34420A ( Agilent ) SZT2B
Bi,; Sb, s Te;  Bi,Sey; Te,, ~ - ( )
Bi,Te,  Sb,Te, °’ H-K30100
) YG6014/1I YG541E
. ( )
. N N 1.3
. o (3 4- DMSO PEDOT/PSS
)/ ( PEDOT/PSS) 2 h 5%  DMSO/
. . . PEDOT/PSS
o 4 ¢ DMSO/PEDOT/PSS 40 ¢
PEDOT/PSS CNTs
4 h
Seebeck 0.1%.0.2% .0.3% .0.4%  CNTs/PEDOT/PSS
5 ( CNTs) . (15 ¢m x 15 cm) CNTs/PEDOT/
PSS 1 min 70 °C
CNTs PEDOT/ CNTs/PEDOT/PSS o
pss  ? CNTs  PEDOT/PSS 1.4
1.4.1
CNTs/PEDOT/PSS . 30 min.
- CNTs/  1.4.2
PEDOT/PSS X CNTs/PEDOT/PSS
X : Ni Cu
Seebeck . Ko 4.0 kV 35 mA
CNTs 4( °) /min 5° ~ 60°,
1.4.3
Seebeck :
2 34420 A
2 Seebeck
1
S = AU/AT
1.1 :S  Seebeck wV/K; AU wV;
( AT K.
0. 65 mm 123 g/m’ ) (3 4-
)/ ( PEDOT/PSS o
1% )
( CNTs 20 ~40 nm 5 ~10 nm

10 ~30 pm )



52 . 39

A =-1¢, (ﬂ) -ds]

de dz
dr
TA W/(m-K);(dZ)ZO
J/s; i—? 2, K/m; ds = wR’
m*; R mo
1.4.4
GB/T 12704. 1—2009 (
)
. 1h 90%
38 C. :
Am
V=T
W g/(m’<h) ;¢ h; Am
2 g S
m2 o
1.4.5 1 CNTs
GB/T 3819—1997 (x5 000)
) Fig.1 FE-SEM images of composite materials
with different CNTs contens( x5 000) .
’ ( a) Untreated fabric; ( b) CNTs content of 0. 1%
(¢) CNTs content of 0.2% ; ( d) CNTs content of 0. 3% ;
2 (€) CNTs content of 0. 4% ; (f) Partial enlarged of figure( e)
2.1
1 CNTs
CNTs/PEDOT/PSS
CNTs  CNTs/PEDOT/PSS
CNTs o
CNTs
CNTs
2.2 a—PEDOT/PSS; b—CNTs; c—
2 PEDOT/PSS. CNTs. d—CNTs/PEDOT/PSS
CNTs/PEDOT/PSS X 2 X
. - PEDOT/PSS 20° ~35° Fig.2 XRD patterns of samples
- CNTs  26.3°.44.36° 2 (ZT ) S 2T =S¢TIK S
e 12° Seebeck wV/K; o S/m; K
17.7°.22. 8°.25.7° W/(m*K); T K.
2= CNTs/PEDOT/PSS Seebeck
PEDOT/PSS (20° ~35°) 7T ; 3
44.36° CNTs PEDOT/PSS 3
CNTs . 7T .
2.3 2.3.1 Seebeck

( ) CNTs/PEDOT/PSS



11 : /

e 53 .

Seebeck CNTs 1,
Seebeck CNTs
o PEDOT/PSS CNTs
CNTs
Seebeck o,
1 CNTs Seebeck
Tab.1 Effect of CNTs content on
Seebeck coefficient
CNTs 1% Seebeck /(wVK™)
0

0.1 6.12

0.2 6.54

0.3 7.57

0.4 7.73
2.3.2

CNTs/PEDOT /PSS
CNTS 3 o
CNTs CNTs/PEDOT /PSS
CNTs CNTs
9
3 CNTs

Fig.3 Effect of CNTs content on electrical conductivity

2.3.3
CNTs CNTs/PEDOT/PSS

4 o
CNTs/PEDOT/PSS

CNTs
PEDOT/PSS o CNTs

CNTs
CNTs

15-16 CNTs. PEDOT/PSS

L CNTs/PEDOT/PSS

CNTs

4 CNTs
Fig.4 Effect of CNTs content on thermal conductivity

2.3.4
7T 5 . CNTs
CNTs/PEDOT/PSS
ZT . CNTs 0. 4%
A\ 2.99 x10™°. CNTs
CNTs/PEDOT/PSS
CNTs
5 CNTs 7T
Fig.5 Effect of CNTs content on ZT value
2.4
CNTs CNTs/PEDOT/PSS
6 .
: 241 g/(m’*h);
CNTs CNTs/PEDOT/PSS
2.5
7 CNTs CNTs/PEDOT/
PSS
. ; CNTs
CNTs 0.4%  CNTs/PEDOT/PSS



e 54

6 CNTs
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