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Fig. 1.1 Schematic illustration of apparatus of wet spinning. 
(1) syringe pump, (2) spinneret, (3) coagulation bath,  
(4) dring oven, and (5) winding machine.

 

Fig.1.2 SEM image of blend fiber.
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(3) (4) (5) 

100μm 



15 

Table 1.1 Tensile strength and conductivity of fibers. 
 

 
PEDOT 

/PSS 
PVA 

Winding 
speed 

(m/min.) 

Tensile 
strength 
(MPa) 

Conductivity 
(S/cm) 

PEDOT 
/PSS 

100 0 0.003 39 10 

PEDOT 
/PSS 

+PVA 

60 40 
1.3 81 18 
1.5 80 22 

50 50 
1.3 82 28 
1.5 84 32 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.3 Stress-strain curve of pure PEDOT/PSS fiber and blend fiber. 
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Table 1.2 Comparison between pristine fiber and treated fiber with EG. 
 

PEDOT/PSS
PVA 

Tensile strength 
(MPa) 

Conductivity 
(S/cm) 

Pristine + EG Pristine + EG 
100 0 39 40 10 105 
50 50 

(1.5m/min.) 
84 80 32 79 

 
 
 
 
 
 

(a) Benzoid structure 
 
 
 
 
 
 
 
 
 
 
 

(b) Quinoid structure 
Fig. 1.4 Structure of PEDOT 

( :unpaired electron, +: positive charge). 
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Fig. 1.5 Raman spectrum of fibers. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.6 Fabric that made from Blend fiber and PVA fiber. 
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Fig. 2.1 Schematic illustration of apparatus of wet spinning. 
(1) syringe pump, (2) spinneret, (3) coagulation bath,  
(4) dring oven, and (5) winding machine. 

 
 
 
 
 

 
Table 2.1 Comparison between pristine fiber and blended fiber 

 
PEDOT/PSS PVA Tensile strength Conductivity 

(MPa)         (S/cm) 

100 :  0               39      10 

50 : 50               84      32 
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(2) 

(3) (4) (5) 
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Fig. 2.2 Electrodes made of conductive fiber. Black dotted areas show electrodes composed of 

PEDOT/PSS composite fibers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.3 A block diagram of ECG monitor. 
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Fig. 2.4 The electrodes put anode on the left hand and cathod/GND on the right hand. 

 
 
 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.5 (a)Measured ECG through electrodes made of blended fiber. It showed that R-peaks like 

spike signals in these pulse. (b) Measured ECG by the ploymate. R-peak were synchronized with 

R-peaks from fabric electrodes. 
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Fig. 3.1 Photographs of custom-built wet-spinning apparatus for PEDOT:PSS/PVA blended 

multifilament fiber. 

 

 

 
 

 
 

 
Fig. 3.2 Measurement setup for electromechanical actuation of PEDT:PSS/PVA fibers. 
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Fig. 3.3 a) Photograph and b, c) SEM images of PEDOT:PSS/PVA blended multifilament fibers. 



38 
 

 

Table 3.1. Summary of spinning conditions, mechanical and electrical properties of 

PEDOT:PSS/PVA blended fibers. 

1. Spinning dope solution 

Fiber PEDOT:PSS (wt%) PVA (wt%) Viscosity (cps)a Spinneret Feed rate (ml/min) 

1 4.0 6.0 4400 30b (0.2-0.4c) 11.0 

2 4.2 2.8 3700 10b (0.2-0.4c) 3.0 
a Determined by rotational viscometer at 80oC. b Hole number. c Hole diameter-length of spinneret channel. 

2. Spinning condition 

Fiber Coagulation bath Spinning speed d (m/min) Dry (oC) Winding speed e (m/min) 

1 Methanol (0 oC) 7.6 90 10.8 

2 Methanol (3 oC) 2.6 52 3.1 
d Spinning speed in coagulation bath. e Winding speed at spool. 

3. Mechanical and electrical properties 

Fiber Linear mass density Tenacity (cN/dtex) Strain at break (%) Conductivity (S cm-1) 

1 1177 dtex/30f 0.26± 0.2 134.7± 10 7± 1 

2 595 dtex/10f 0.16± 0.2 261.5± 15 20± 1 
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Fig.3.4 Time profiles of the generated stress, displacement, current and voltage of PEDOT/PSS/PVA 

fiber at 50% RH and 25 oC. 
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Fig. 3.5 a) Generated force changes and b) surface temperature of PEDOT:PSS/PVA fibers as a 
function of applied voltage. c) Generated stress changes of PEDOT:PSS/PVA fibers as a function of 

applied frequency at applied square-wave voltages at 0 and 8 V. 
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Tensile   
Type of conductive fiber                                 strength Peeling

MPa

Particle dispersed 1 100 Not observed
Conductivepolymer (Conventional)    1 100         50 Not observed

Metalized 100    100         ovserved
Requirement 10 50 Not observed

Conductivity
(S/cm)

Tensile   
Type of conductive fiber                                 strength Peeling

MPa

Particle dispersed 1 100 Not observed
Conductivepolymer (Conventional)    1 100         50 Not observed

Metalized 100    100         ovserved
Requirement 10 50 Not observed

Conductivity
(S/cm)

 

Fig.4.1 Cross sections of a proposed seat heater. 

 

Table 4.1 Properties of conventional conductive fibers 7 8 9 10 . 
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Fig.4.2 Fabric heater made of electroconductive polymer fiber. 

 

 

 
 

Fig. 4.3 Seat assembly. 
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Fig. 4.4 Results of fabric strength tests. 
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Fig. 4.5 Seat surface temperature change. 
 

 

 

Fig. 4.6 Thermal images. 
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