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Abstract: Polyaniline (PAn) was prepared chemically in theesence of
bronsted acid from agueous solutions. Polyanilmgen 6 composite (termed
as PAn/Ny6) prepared via solvent casting methoe fiteparation conditions
were optimized with regard to the mechanical prigerof the polymer
composite. It was found that the molar ratio of RA&mylon have the greatest
effect in determining the mechanical properties paflymer composite.
Electrical conductivity was measured using standaethod of four point
probe. Spectrophotometric analysis (UV-Vis) wasdufee investigation of the
effect of thermal treatment on polyaniline and ésnposite.
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Introduction

Nano Conducting polymer films are a relatively nelass of materials whose interesting
metallic properties were first reported on 197 thwhe discovery of electrically conducting
polyacetylen& This chance discovery occurred when a reseamtwidentally added too
much catalyst while synthesizing polyacetylene frawetylene gas, resulting in shiny
metallic like substance rather than the expectadibpowder. This shiny semi-conducting
material was subsequently partially oxidized witldine or bromine vapors resulting in
electrical conductivity values of up to °1& cmi', which is in the metallic rangeThe
importance of this discovery was recognized in 20@@en the Nobel prize for chemistry was
awarded to the scientists who discov@mddctrically conducting polyacetylene in 1977.
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Among conducting polymers, a great deal of researdtave been devoted to polyaniline
(PAnN) due to its good environmental stability, epsfymerization and low cost of monomer.

Polyaniline can be synthesized by the oxidatioarfine solution in bronsted acids by
chemical oxidants or electrochemicéfly In order to commercialize PAn, it is possible to
fabricate blends or composites with some other eotiwnal polymers. Polyamid (for
example nylon) is a good choice because of itshildhuin the same solvent of PAn (formic
acid). Flexible and free standing films from comipess of polyaniline- nylon (PAn/Ny) can
be obtained by castingethod®. Polyaniline (PAn) has been reported to have ttlevfing
idealized structure (Figure 1)

ooty

Figure 1. The general structure of PAn conducting polymers.

The structure containing Y reduced (benzenoid diajnand (1-Y) oxidized repeat
groups (quinoid diamine), where the oxidation state be defined by the value of (1-Y). Y
can be varied continuously in principle from onee(tompletely reduced material) to zero
(to completely oxidized polymer). The completelydueed material (Y=1) is called
leucoemeraldine and the completely oxidized fornxQ) is termed as pernigraniline.
Intermediate oxidation states, where Y= 0.75 ar2b Gare called protoemeraldine and
nigraniliné. The true emeraldine oxidation state Y= 0.5 ofypolline in which 50% of the
nitrogen atoms are protonated (consists of equalbeus of reduced and oxidized repeat
units) is the most highly conducting (metallic) foof the polymet. The relative content of
the benzoid and quinoid forms depends on the aoitcentration and the degree of
oxidation of the polyméf. Chemical polymerization of aniline in aqueousdacimedia can
be easily performed using of oxidizing agents sagliNH;),S,0g is shown in the following
Figure 2. Ammonium persulfate is the most populadt &equently used chemical oxidant
for polymerization of aniline in acidic aqueousigans.

4n @—NHZ.HQ +5N (NH,);S;,05
S DS o sve
o© cl® n

Figure 2. Overall polymerization reaction of PAn using ammonipersulfat.

Unfortunately, practical application of conductimgplymers such as polypyrrole,
polythiophene and polyaniline is limited particljabecause of their poor mechanical
properties. However, the composites prepared byingnixof conducting polymers with
conventional polymers can be used in order to impranechanical properties for all
potential usages significantfy
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Experimental

Aniline (Merck) was used after distillation. Nylén(KN 136, Kopa co. Korea) was obtained
as granules form. The other chemicals used wengbfpurity and AR grade.

Mechanical tests (Tensile strength) were carriad asing S.D.L. Micro 250
(manufactured by Shirley Co. England). UV-Vis spestopy was carried out using UV-
2100 (Shimadzu). Electrical conductivity was meaduusing a home made 4-point probe
device. A digital coulometer (ZAG chem. Iran) asreut source, digital micrometer for
measuring thickness of films and an accurate digitdtmeter (ALDA) for measuring
potential during conductivity measurement were @y@l. Mechanical tests (Tensile
strength) were carried out using S.D.L. Micro 26@(ufactured by Shirley co. England).

Preparation of PAn and Pan/Ny6 composite

25 mL of Freshly distilled aniline (0.2M) was addetb 500 mL of 2M HCI in a beaker. 250 mL
of 0.25 M ammonium persulfate (NHS,0g solution, was added from a burette into the well-
stirred monomer solution during 40 min. Polymeiaatvas carried out at 0 <&. The molar
ratio of monomer to oxidant was selected 1:1. Tihatisn was continued stirring about 2 h after
the complete addition of the oxidant. Then the yaeek powder (polymer) was filtered, washed
with dilute HCI solution, distilled water and metiwh respectively in order to remove impurities
and remainder monomers. Then the product was &ti6d-60°C in an oven for 2 h at ambient
conditions. The synthesized polymer powder (PANnJRiGIs treated with a solution of ammonia
(0.5M) for 4 hours at room temperature in ordesttange the polymer into emeraldine base (EB)
state, which is the only processable form of pdliyan PAn composite films were then prepared
using co-dissolution method employing formic a@8%) as solvent. For fabrication of PAn/Ny
composites, EB and nylon 6 were separately disddivéormic acid (1% wi/v). Then they were
mixed together with different proportions. Freendtag films (40-50 m) were prepared by
casting these solutions in petri dishes, placeshimven at 68C overnight. The films obtained
were removed from petri dishes by immersion intdiltiCI solution for few minutes. The
membranes dried at room temperature after washthgistilled water.

Results and Discussion
Conductivity and morphology

Electrical DC-conductivity of PAn composite filmddped with HCI) was measured using
conventional 4-point probe technidtidn order to measure conductivity, the polymer g
were cut into ¥4 cm strips for conductivity. Conductivity measussits were carried out after
doping the polymer samples with 0.2 M HCI solution2 h at room temperature after drying at
ambient conditions. Conductivity of PAn/Nylon consfies after doping with HCI, was much
lower than pure PAn but is much higher than nyl@nsulator). The highest conductivity for
PAN/Ny6 was 0.009 S/cm in weight ratios of 1:2. Wiibcreasing the percentage of nylon,
conductivity of polymer composite(S/Cm) decreased gradually (Table 1).

PAn/Ny6 composites were changed into insulatornvtieated with a dilute ammonia
solution (0.2 M). The conductivity was recoverednptetely when redoped with HCI solution
(0.2 M). It was also found that chemical treatnafr? An/Ny6 composites films with chemical
reductants such as sodium thiosulfate and oxidamth as potassium permanganate leads to
increasing resistivity of polymers significantlyh& conductivity was recovered when the
samples were redoped in a dilute HCI solution. &oping of PAn/Ny composite dilute
solution of HCI was employed since nylons are reaally chemically stable in strong HCI
solution because of hydrolysis reaction. As outltsshowed conductivity of the polymer is
changed when treated in different media and thegdware reversible.
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Table 1 Electrical conductivityof PAn/Nylon6 composite prepareddifferent weight ratio.
No. weight ratio PAn:Ny6  S/Cnx10°

1 1:2 9
2 1:3 7
3 1:4 5

Characterisation of PAn and PAn/Ny6 composite waias carried out using scanning
electron microscopy (SEM). All the electron micraghs were obtained from powder (for
PAn and EB form) and film (for PAn/Ny6) specimerfstiiis materials. SEM observations
have shown the differences in morphology of PAnEBrform) and PAn/Ny6 composites.
The SEM pictures are given in Figure 3.

AccV Spot Magn  Det WD
10.0KV6:0, 109x

Figure 3. Scanning electron micrographs (SEM) @i EB/Ny6, () EB powder,

(c) PAN/HCI powder,d) EB/Ny6, HCI 0.2 M was used for doping of the puobr.
Mechanical properties
In order to perform mechanical test, polymer sasiplere prepared as free standing films
using casting technique. Free standing films widlecaiate mechanical properties of PAn

composites with nylons can be easily prepared Isfirca from formic acid. The results
obtained in this investigation have been summarizédhble 2.

Table 2 Mechanical properties of PAn /Nylon 6 composite.

No. Weightratio PAn:Nylon6 dL ,mm F (N) Tensile strength (MPa)

1 1:2 0.20 2.4 6
2 1:3 0.30 8.4 19
3 1:4 0.7 14 3
4 Pure Ny6 1.53 6.4 15
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Thermal stability studies

In order to find out the effect of thermal treatin@m electrical conductivity and also to
investigate the reversibility of conductivity updhermal treatment, the polymer samples
(PAN/Ny 6) were prepared as a thin film depositedhe surface of lambs. It was observed that
when the polymer was thermally treated, its drjestenductivity was increased upon thermal
treatment up to 106C and upon subsequent cooling, conductivity badts timitial value.

Effect of thermal treatment on the polymer strtetwas also studied using UV-Vis
analysis (Figure 4). As our results show PAn (EBrfpis thermally stable up to 183G under
air atmosphere. Some minor structural changes guitiecomposition) may occur even after
mild heat treatment but not any important changeewbserved in the UV-Vis spectrum of
the polymer before and after heat treatment up3®°C. However, when the polymer is
treated at more elevated temperatures (T *CJ0some irreversible changes such as cross-
linking might be occurred. In the case of PAn/N@opolymer composites showed more

thermal stability (up to 18%C) in air than pure PAn (Figure 5). 3
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Figure 4. UV-Vis spectra of PAn (EB); (a) Before thermal atment, (b) After heat
treatment at 86C, (c) After heat treatment at 100, (d) After heat treatment at 130, (e)
After heat treatment at 15@, the time of exposure at maximum temperature30asin.
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Figure 5. UV-Vis spectra of PAn (EB)/Nylon 6, (a) Before theal treatment, (b) After heat
treatment at 86C, (c) After treatment at 10, (d) After heat treatment at 130, (e)After
heat treatment at 15C, (f) After heat treatment at 20Q, (g) After heat treatment at 250.
The conditions were the same as Figure 4.
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Conclusion

Polyaniline and its composites with conventionalyp@ers such as nylons can be easily
processed from formic acid via cast method (bp 5°0) producing desired thickness of the
film. It was found the percentage of the nylon & kary important effect on mechanical,
electrical and thermal stability of the polyanilimemposite. The best weight ratio for
PANn/Nylon6 was found to be 1:3 with regard to meuta. Electrical conductivity is
decreased with increasing of the nylon percentagpolymer composite. According our
UV-vis investigation the polymer composites are entrermally than pure polyaniline.
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