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Abstract― Cooling function is definitely one of the most desirable attribute of clothing. In spite of the recent progress on phase 

changing material(PCM) research, the final products with sufficient amount of cooling capability have not yet to be developed in 

market. A new concept of cooling fabrics has been proposed by applying "Peltier effect" to textile materials. It occurs whenever 

electrical current flows through two dissimilar conductors; depending on the direction of current flow, the junction of the two 

conductors is absorbed or released heat. This effect has been tested on P-type and N-type conducting polymers. A P-type conductive 

polypyrrole coated fabric was synthesized by in-situ polymerization on plain weave PET to make conductive fabrics. And an N-type 

electrically conductive material was synthesized by treatment of MWNT and polyethyleneimine(PEI). A noticeable amount of 

temperature difference has been found on the fabrics.
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1. Introduction

  Recently, a cooling effect has become an important 

function in textile according to the change of 

consumer’s life style and advent of functional clothes. 

Conventional method of cooling fabrics has a lot of 

defects such as weight, non-flexibility and addition of 

refrigerant because refrigerant circulation method has 

complex wiring structure
1)

. In this study, to com-

plement its defects, we applied a Peltier effect that 

occurs whenever electrical current flows through two 

dissimilar conductors; depending on the direction of 

current flow, the junction of the two conductors is 

absorbed or released heat
2)

. Usually, P-type and N-type 

conducting polymers were used for a Peltier effect. 

However, these materials were not suitable for clothes 

because it is still heavy, nonflexible and difficult to 

manufacture the fabrics. 
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  Hence, in this study, we should search another 

conductive material which has not only high 

conductivity but also easy control conductivity. In 

conducting polymer materials, a PPy(Polypyrrole) 

showed high conductivity, easy synthesis and excellent 

stabilization to oxidation.

  However, the PPy also has some problems because 

of low mechanical property and of difficulty to 

synthesize by non-melting and non-fusion. To solve 

this problem, P-type polymer by synthesizing polymer 

and PPy3-5) was used. In addition, N-type carbon 

nanotube polymer by synthesizing carbon nanotube and 

PEI has been used to prove a Peltier effect
10,11)

. 

  The purpose of this study was to investigate the 

prototype active cooling e-textile to flexible, wearable 

and portable using PPy fiber composite to be 

synthesized by chemical method6-8) and MWNT-PEI 

which was carbon nanotube polymer composites.
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2. Experimental

2.1 Materials and Samples

  To synthesize P-type PPy-PET composite fabrics, the 

conducting polymer polypyrrole(PPy) was synthesized. 

The pyrrole(Py, Mw: 67.09) as a monomer, the 

Anthraquinone-2-sulfonic acid (AQSA, Mw: 328.28) as 

a dopant and the Ferric chloride hexahydrate 

(FeCl3"E6H2O, Mw: 270.3) as a oxidant were used to 

coat the P-type conductive PPy in fabric. PET plain 

weave fabrics after conditioning were used for 

PPy-PET compositefabric. 

  To synthesize N-type MWNT-PEI composite, MWNT 

(Multiwall carbon nanotube, Iljin nanotech Co Ltd., 

purity: 95%, diameter: 10-15nm, length: 10-20㎛ without 

refining and polyethyleneimine (PEI, molecular weight: 

800) as a polymer were used. In addition, thionyl 

chloride (SOCl2), anhydrous THF and chloroform were 

also used without refining to surface treatment of 

MWNT and composite synthesis. 

2.2 Synthesis of P-type PPy-PET composite  

    fabric

  To make conducting fabrics, PPy was coated in PET 

fabric through in-situ polymerization after soaking PET 

fabrics in pyrrole monomer. In detail, according to

Fig. 1. General concept of Peltier effect.

Scheme 2. Schematic diagram of Synthesis of MWNT-PEI composite.

ASTM D1576-84, it was inserted in the solvent 

composed of pyrrole 0.045 mol/l as a monomer, anthra-

quinone-2-sulfonic acid 0.018 mol/l as a dopant and 

FeCl3 0.1 mol/l as a oxidant after drying the PET fabric 

(4.2g±0.05g) at 105℃ in vacuum oven. The solvent was 

diluted by a ratio of 60 to 1 and set at 25℃ for 6 hr 

and then, synthesized p-doped polypyrrole. 

  After washing the compositefabric by methanol, 

acetone and distilled water and then drying, the PPy 

coated conducting PET fabric was produced. 

2.3 Synthesis of N-type MWNT-PEI composite

2.3.1 Surface treatment of MWNT

  After adding the 60%-nitrate solvent 20ml in MWNT 

2g, it treated for 30 minute in ultrasonic bath, and then 

it mixed at 24hr. MWNT-COOH was filtrated using 

micro filtration assembly and dispersed in distilled 

water. This processing was repeated several times for 

neutralization. So, the surface treated MWNT-COOH 

could be obtained from neutralized MWNT after drying 

at 60℃ for 24hr. This MWNT-COOH was reacted 

again with SOCl2 at 65℃ for 24hr. This MWNT 

surface treated by MWNT-COCl was washed by THF 

and then dried at room temperature for 2hr after 

filtration as shown in Scheme 1. 

Scheme 1. Schematic diagram of MWNT modification.

2.3.2 Synthesis of MWNT-PEI composite

  The surface treated MWNT-COCl(81mg) was added 

in PEI(7ml) then mixed at 80℃ for 4 days under 

nitrogen air flow. This material was mixed well with 

chloroform (150ml) and H2O (130ml) solvent. After 

removing separated H2O, black paste was obtained.
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  This black paste was again mixed with chloroform 

(200ml) and then it was separated into soluble part and 

insoluble part. The soluble part has N-type conducting 

polymer function as shown in Scheme 2. 

2.4 Verification of Peltier effect

  In order to verify the application of the Peltier effect, 

N-type conducting materials and P-type conducting 

materials were set between two cooper plates having 

similar conductivity.

  Temperature of two plates a surface was measured 

using Raytek
Ⓡ

infrared thermometer and resistance 

also measured by Fluke
Ⓡ

multimeter
9)

. 

3. Results and Discussion

3.1 Development of conductive fabric 

3.1.1 P-type PPy-PET composite fabric

  A PPy was coated in PET fabric through in-situ 

polymerization. Fig. 3 shows the surface of fabric 

using scanning electron micrograph. It could be 

known that black PPy was coated uniformly in the 

surface of the fabric. Fig. 4 shows FTIR spectra of 

PPy coated PET fabrics before and after heat 

treatment at 200℃.

Fig. 2. An experimental set-up for cooling effect ; A:  
P-type conductive polymer fabric, B: N-type MWNT- 
PEI composite material and C: copper metal plates.

  Before heat treatment, 1559 cm
-1

 band was 

confirmed but, after heat treatment, this peak was 

disappeared. It meant that C=N-/-C=C- ingredient in 

1559 cm
-1

 band was disappeared by heat treatment. 

Namely, the conductive fabric has p-dopant function 

by adding AQSA(anthraquinone-2-sulfonic acid) as a 

dopant. The P-type conductive fabric has a lot of 

holes as a trace by reason that one electron has been 

dropped out. 

3.1.2 N-type MWNT-PEI composite material

  After acid and SOCl2 treatment, MWNT-COCl was 

transferred in surface of MWNT, and then reacted with 

PEI. Finally, it was able to obtain MWNT-PEI 

composite material through COCl ingredient of MWNT 

and amidation reaction. Fig. 5 shows FTIR spectra of 

MWNT and MWNT-COOH before and after the nitric 

acid surface reforming. Some peaks were found in 

1728cm-1, 1254cm-1, 3400cm-1, 1602cm-1 and 1475cm-1. 

This peaks showed stretching modes of C~~O, C-O, 

O-H and C~~C. So, it meant that carboxylic acid was 

transferred in surface of MWNT by strong nitric acid.

Fig. 3. Scanning electron micrograph images of PPy- 
coated PET fabrics; (left) 300 times and (right) 1000 
times.

Fig. 4. FTIR spectra of polypyrrole coated PET fabrics 
before and after heat treatment.
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  This function was reformed to MWNT-COCl by 

SOCl2 treatment, again. Fig. 6 shows FTIR spectra of 

part 1 and part 2 in Scheme 2. 

  The part 1 was appeared in 1668cm
-1

 band that was 

C=O ingredient of CONH-. In part 2, amid C=O in 

1641cm
-1
 and C=O peak, which was non-reacted COCl, 

was observed in 1700 cm
-1

. Here, the soluble part 1 

has n-doped function. So, N-type conductive material 

has higher electron density.

3.2 Peltier effect

  In two different type of metals, the electron moves 

from low potential energy metal to high potential 

energy metal because of difference of potential energy. 

In addition, thermal energy was also transferred into 

other forms, such as emission or absorption. This is 

called the Peltier effect. In this study, to verify the

Fig. 5. FTIR spectra of (a)MWNT and (b)MWNT- 
COOH.

Fig. 6. FTIR spectra of MWNT PET1 and MWNT 
PET2.

Peltier effect, P-type PPy-PET composite fabrics and 

N-type MWNT-PEI composite materials were set in 

the two similar conductive metal plates, and then 

temperature of two metal plates was measured. Here, 

the thermal emission and absorption were observed in 

the upper side and the bottom side of metal because 

the electron transfers to the hole by an electric current 

in conductive fabrics. 

  As a result of Peltier effect experiment, there was 

about 5℃ difference between upper side and bottom 

side. Moreover, it has a tendency to decrease, as shown 

in Fig. 8. It was considered that the conductive 

polymer was decomposed by heat in the progress of 

the experiment, so it was brought increasing of electric

  

Fig. 7. Peltier principle between P and N-type materials.

Fig. 8. Peltier effect experiments with temperature vs. 
time.
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resistance and decreasing of electric current. We 

supposed that the difference of temperature in two 

sides was quite low(about 5℃) because the insulation 

value between thermal emission and thermal absorption 

was not operating well. 

  As a Peltier theory, the cooling effect between 

conductive polymer and metal was occurred in 

difference of potential energy by transferring the 

electron or the hole. When an electric charge transfers 

in polymer, heat is generated by electric resistance. 

Namely, this heat has offset the cooling effect between 

P-type conductive fabric and N-type conductive material. 

It was another reason why the difference of tem-

perature in two sides was quite low(about 5℃). 

  To improve cooling effect, most of all, not only 

potential energy between two materials should be 

elevated, but also heat transfer should be blocked by 

high insulation capability. In addition, if higher con-

ductive N-type and P-type material is developed, the 

cooling function by Peltier effect will also be elevated. 

4. Conclusion

  In this study, by in-situ polymerization method, the 

PPy coated P-type PPy-PET composite fabric was 

developed. After acid and SOCl2 treatment, MWNT- 

COCl was transferred in surface of MWNT, and then 

reacted with PEI. Finally, MWNT-PEI composite 

materials were obtained through COCl ingredient of 

MWNT and amidation reaction. The Peltier effect of 

these materials was verified. Namely, the cooling effect 

using conductive polymer could be also verified. 

  Even though the difference of temperature in two 

materials was quite small(about 5℃), due to electrical 

unstableness of PPy-PET conductive composite fabrics, 

heat transfer problem by resistance and insulation 

characteristics, the Peltier effect using conductive 

polymer was verified. 

  In addition, if the insulation capability of thermal 

emission side and absorption side is elevated, it will be 

able to develop optimal active cooling e-textiles for 

comfortable cloths.
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