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Electrically Conducting Polymer Blends with 
Thermally Processable Polyaniline 

DONG-UK CHOI", KITAE SONG", YOUNG CHUL KIM', 
Y U N  HEUM PARK" and JUN YOUNG LEE" 

" D q t .  of' Textile Sjstemc, Sungkyunkwon L'niv., Suwon, Koreu, ' Dept. of C'hwnicd Engineering. Sogang b'niv.. Seoul, Korea cind 
Electronic Materials und D c ~ v i c ~ s  Center, KIST, Seoul, Korea 

Thermally processable polyaniline (PANI) was synthesized by one-step 
chemical oxidation of aniline, whose electrical conductivity was in the 
range of to 1 Skm. Various kinds of thermoplastic polymers 
were thermally blended with the processable PANI, giving rise to the 
electrically conducting polymer blends with the specific volume 
resistivity of lo2 to 10'' Q-cm. 

Kevwords 
Electrically conducting polymer blends 

Thermally processable polyaniline; Thermal blending; 

INTRODUCTION 

A number of researches [l-41 have been carried out to give electrical 
conductivity to electrically insulating thermoplastics by applying 
intrinsically conducting polymers (ICP), since the thermoplastics may 
cause many serious problems such as accumulation of static electric 
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charge or poor shield of electromagnetic interference. 1 lowever. 

insoluble or infusible nature of ICP’s has limited their applications 

In this study we report one-step synthesis, characteristics O F  
thermally processable polyaniline (PANI) and the properties of the 

thermoplastic polymerPANI blends. 

EXPERIMEUTAL 

PANI was synthesized by a chemical oxidation of aniline using 

ammonium persulfate (APS) as an oxidant and dodecylbenzene 

sulfonic acid (DBSA), p-toluene sulfonic acid (p-TSA), anthraquinone 

sulfonic acid (AQSA) or their mixtures as the dopant. Synthesis 

conditions are summarized in Table 1.  Thermal processability of 
PANI was evaluated by direct observation of viscous flow when simple 

<hear was applied to the PANI powder on a plate heated at 150 ‘[’ 

PL4NI was thermally blended with various thermoplastic polymers 
and electrical conductivity of the blend was expressed in terms of the 

specific volume resistivity. 

RESIJIXS AND DISCUSSION 

A s  shown in Table 1. PANI (B, C )  doped with only p-TSA or AQSA 

did not exhibit thermal processability, while PANI doped with DBSA 
(A) or a mixture of DBSA and p-TSA (E) possessed good thermal 
processabilitj, indicating that the chemical structure of dopant is 
extremely important to show processability. DBSA is the best dopant 

to produce a processable PANI, possibly not only because bulkiness of 
DRSA can reduce inter- or intramolecular interactions of PANI 
molecules but because DBSA molecules act as a plasticizer 
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ELECTRICALLY CONDUCTING POLYANILINE BLENDS 40 I 

F 

TABLE 1. Synthesis condition and the properties of PANI and the 
polymer blend 

DBSA (0.4) 0.85 0.5 no flow Insulating 
p-TSA(0.2) 

However, it was observed that the oxidant concentration was also 
important to control processability. PANI (D, F) synthesized with 
higher concentration of the oxidant lost its processability even though 
only DBSA was used as the dopant. When mixture of DBSA and p- 
TSA was used as the dopant, PANI (F) lost its processsbilty even at 
lower concentration. It is believed that higher oxidant concentration 
leads to higher molecular weight of PANI, which limits molecular 
motion of PANI. 

PANI with thermal processability could be easily blended with 
various polymers to give electrical conductivity, where a threshold 
content of PANI was about 15 weight percent in the blend. However, 
PANI without thermal processability did never produce electrically 
conducting blends even at very high content (50 weight percent) of 
PANI. It can be, therefore, concluded that thermal processability of 
PANI is a key factor to give conductivity to the blend. Figure 1 shows 
the change of the specific resistivity of PVCPANI and PPPANI as a 
function of PANI content. Specific resistivity of the blends decreased 
steeply until 20 weight percent of PANI. PANI synthesized in this 
study could be also blended with other thermoplastic polymers such as 
ABS, PS, PMMA, HIPS, LDPE, or HDPE, producing electrically 
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conducting blends, whose specific resistivities were in the range of 10’ 
to 10” R-cm and low enough to be applied for antistatic applications. 
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FIGURE 1. Specific volume resistivity of the blends. 

CONCLUSIONS 

Thermally processable PANI was synthesized using APS as an oxidant 
and DBSA or mixture of DBSA and p-TSA as a dopant. Thermal 
blending of the PANI with thermoplastic polymers resulted in 
thermoplastic blends with high electrical conductivity. 
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