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ABSTRACT 

The grafting of polyamide nylon 6 (N6) with polyaniline-emeraldine salt (PANI-ES) was accomplished by in situ 

polymerization of the monomer on the nylon 6 film using chemical method of polymerization. The primary goal of the 

work is to graft a conducting polymer onto a non conducting one and likewise study the structural changes. The grafting of 

PANI-ES onto nylon 6 film was verified by X-ray diffraction (XRD) analysis. The graft parameters such as % grafting, % 

efficiency and total conversion were also calculated. The results thus obtained show that grafting has altered the 

crystallinity of the host polymer. From the analytical study and its discussions it can be concluded that polyaniline-

emeraldine salt grafted nylon 6 films show an overall structural modification, asserting formation of a different crystal 

structure irrespective of the parent polymers. 
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INTRODUCTION 

Since past few decades there has been much emphasis on polymer modification.  Quite a few methods adopted by 

the researchers are grafting, curing, blending etc. Grafting is a method wherein monomers are covalently bonded 

(modified) onto the polymer chain. The various techniques include chemical, radiation, photochemical, electrochemical 

and enzymatic grafting (Bhattacharaya et al 2004). Conducting polymers are being extensively used because of their 

potentiality in different applications such as electro chromic displays, opto electronic devices, batteries and sensors etc. 

(Nalwa 1997). In the past different studies have been carried out to prove the high electrical conductivity in organic 

polymers (Pouget et al 1992; Strfastrom et al 1987; Bredas et al 1991; Paoli et al 1985; Niwa et al 1987; Bi et al 1987; 

Zinger et al 1991; Wang et al 1990; Dogan et al 1992; Selampinar et al 1994). But these polymers suffer from certain 

drawbacks. It has been reported that the composite system by blending PANI with a useful polymer improves its 

mechanical properties (Goh S.H. et al 1998). Li et al also prepared different PANI grafted co-polymers (Li et al 1989). In 

order to overcome the limitations such as poor mechanical properties and problems in processing as well as instability 

under the relevant ambient conditions (Letheby H. 1862); it was decided to graft polyaniline-emeraldine salt onto nylon 6. 

Now the reason for choosing this insulating polymer (nylon 6) is its good mechanical properties. Grafting provides a 

potential technique to overcome these limitations on both of these polymers to improve the process ability of conducting 

polymers. 

In the present studies polyaniline-emeraldine salt has been grafted onto nylon 6 film using the chemical method of 

grafting. The modified polymer thus obtained was analyzed using XRD. 

MATERIALS AND METHOD 

Synthesis of Polyaniline-Emeraldine Salt Grafted Nylon 6 Films 

Nylon 6(M/s. Nirlon synthetic fiber and chemicals) films were cast from (4% w/v) solution in formic acid (98-

99% extra pure AR) using solvent evaporation technique. The thickness of the film was around 40 µm. These films have 
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been used for grafting by polyaniline-emeraldine salt. The nylon 6 film was immersed in 0.5 M H2SO4 (20 mL) along with 

initiator potassium dichromate (Ranbaxy make) for an hour. Then the film was removed and added to the freshly prepared 

semi dilute H2SO4 (20 mL) solution along with two to three drops of aniline (extra pure from Aren Chemicals, distilled 

before use).  The film was then removed and washed with distilled water and dried. The above method of sample 

preparation is done for two different temperatures, 30 
o
C and 0 

o
C. Other details like variations in acidic and initiator 

concentrations at each temperature can be found in table 1.Thus the conditions for chemical polymerization have been 

changed and different grafted samples have been obtained. Synthetic conditions for two different samples and their 

designations are given in table 1. 

Table 1:  Synthesis of PANI-ES Grafted N6 Films 

 

Sr.No H2SO4 (mL) Temperature 

(oC) 

K2Cr2O7(g) Designation %graftinga 

1.  0.50 M 30 0.625 5  2.50 

2 .  0.50 M 00 1.000 8  13.33 

3. Pure Nylon 6 -- - - - - - - - - -  - - - - - -- - - - - - - - -  �N6 --- -- - - - - - -  

4. Pure Polyaniline-

emeraldine salt 

-- - - - - - - - - -  - - - - - -- - - - - - - - -  �  PANI-ES -- - -- - - - - - -  

 

aFormula for calculating % grafting is given in section 2.2 

 
Grafting Percentage 

The grafting percentage for each sample was calculated using the formula quoted below. 

100
Wo

Wo-Wg
  (%) Grafting ×=  

Where, Wo is initial weight of sample (nylon 6) 

           Wg is weight of grafted sample. 

XRD Studies  

The X-ray diffraction patterns for the samples were obtained using PHILIPS Holland, XRD system PW 1710. Copper Kα 

line from sealed tube having copper anode served as a source of radiation, the generator tension being 35 kV and current 

20 mA. The samples were scanned for 2θ = 5o to 2θ = 40o. 

RESULTS AND DISCUSSIONS  

Grafting Percentage 

The increase in weight of nylon 6 is due to grafting of PANI-ES on N6. The grafting percentage for each sample 

was calculated (table 1). The results of XRD which will be discussed in section 3.2 show that aniline does not get 

polymerized separately in the nylon 6 matrix i.e. homopolymerization of aniline is not taking place independently in the 

samples. Hence the change in the weight of the sample is due to the grafting of polyaniline-emeraldine salt on nylon 6 

(Lund et al 1976). The highest grafting % is obtained for sample 8   (table 1), having acidic concentration 0.5 M, 

temperature 0 
o
C and initiator concentration 1g.  

X-Ray Diffraction Analysis 

 The data obtained from the x-ray diffraction of the grafted as well as pure samples has been tabulated in the table 

2. 



Synthesis And Structural Characterization of Polyaniline

Sample No. 

5 7.61, 16.81, 20.24, 23.70, 28.64

8 13.91, 14.56, 20.31, 22.39, 24.19, 31.01

N6 20.24, 24.15

PANI-ES 8.8, 20.0, 25.8

 

In the present work the host polymer nylon 6 has been grafted with polyaniline

diffraction of pure nylon 6 show two prominent peaks at 2

at 2θ = 8.8, 20.0 and 25.8. Now when the grafted samples were analyzed it was found that the first peak of pure N6 (2

20.245) is clearly visible in sample 5 which has the minimum percentage grafting and the second peak (2

completely in both the samples. Now looking f

observed. 

Figure 1:  XRD (1) Pure 

This clearly shows that PANI-ES has not been homopolymerized

dedoping the grafted film and then dissolving it in N

salt gets washed away. No change in the film was observed. Thus this proves that PANI

nylon 6 and not just deposited. The peaks due to N6 are slightly shifted. This clearly shows that on grafting of N6 with 

PANI-ES the crystalline structure of the non conducting polyamide gets modified. The crystallinity for the g

has been calculated using Manjunath’s formula (Manjunath et al 1973) and these values have been tabulated. From the 

table it is observed that the grafted samples show low value of crystallinity compared to pure N6 and pure PANI

CONCLUSIONS 

The chemical method of grafting is the simplest method for preparation of tailor made polymers having desired 

properties. From the above studies it can be concluded that nylon 6 can be grafted by polyaniline

chemical method .Grafting has modified the structure of nylon 6.
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Table 2:  X-Ray Diffraction Data 

 

[
o
2Θ] % crystallinity 

7.61, 16.81, 20.24, 23.70, 28.64 33 

13.91, 14.56, 20.31, 22.39, 24.19, 31.01 39 

20.24, 24.15 79 

8.8, 20.0, 25.8 70 

In the present work the host polymer nylon 6 has been grafted with polyaniline-emeraldine salt. The x

diffraction of pure nylon 6 show two prominent peaks at 2θ = 20.245 and 2θ = 24.155 and pure PANI

when the grafted samples were analyzed it was found that the first peak of pure N6 (2

20.245) is clearly visible in sample 5 which has the minimum percentage grafting and the second peak (2

completely in both the samples. Now looking forward to the conducting polymer no specific peaks of pure PANI

 

Pure Polyaniline (ES) (2) Pure Nylon 6 (3) Sample 5 (4) Sample 

ES has not been homopolymerized in the host matrix. This was further tested by 

dedoping the grafted film and then dissolving it in N-methyl-2-pyrrolidone to see weather if any polyaniline

salt gets washed away. No change in the film was observed. Thus this proves that PANI-ES is chemically bonded with 

nylon 6 and not just deposited. The peaks due to N6 are slightly shifted. This clearly shows that on grafting of N6 with 

ES the crystalline structure of the non conducting polyamide gets modified. The crystallinity for the g

has been calculated using Manjunath’s formula (Manjunath et al 1973) and these values have been tabulated. From the 

table it is observed that the grafted samples show low value of crystallinity compared to pure N6 and pure PANI

The chemical method of grafting is the simplest method for preparation of tailor made polymers having desired 

properties. From the above studies it can be concluded that nylon 6 can be grafted by polyaniline

ing has modified the structure of nylon 6. 
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emeraldine salt. The x-ray 

 = 24.155 and pure PANI-ES show three peaks 

when the grafted samples were analyzed it was found that the first peak of pure N6 (2θ = 

20.245) is clearly visible in sample 5 which has the minimum percentage grafting and the second peak (2θ = 24.155) shifts 

orward to the conducting polymer no specific peaks of pure PANI-ES were 

Sample 8 

in the host matrix. This was further tested by 

pyrrolidone to see weather if any polyaniline-emeraldine 

is chemically bonded with 

nylon 6 and not just deposited. The peaks due to N6 are slightly shifted. This clearly shows that on grafting of N6 with 

ES the crystalline structure of the non conducting polyamide gets modified. The crystallinity for the grafted samples 

has been calculated using Manjunath’s formula (Manjunath et al 1973) and these values have been tabulated. From the 

table it is observed that the grafted samples show low value of crystallinity compared to pure N6 and pure PANI-ES.  

The chemical method of grafting is the simplest method for preparation of tailor made polymers having desired 

properties. From the above studies it can be concluded that nylon 6 can be grafted by polyaniline-emeraldine salt using 
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