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Composites of polyaniline-polyethylene-copper were prepared using different weight percentage of nano copper
particles of 100 nm size. X-ray diffraction and Fourier transform infrared spectroscopy were done to identify the
crystal structure of prepared polyaniline and polyaniline-polyethylene-Cu, respectively. Electrical properties for
all the combinations of 5, 10, 15, 20, and 25 wt% copper were examined as electrical conductivity, capacitance,
and dielectrical constant. The remarkable improvement in all the electrical properties were indicated after adding
nano copper particles, accept the combination P-Ani-5 wt% Cu. Scanning electron microscopy results confirm the
dispersion of nano copper particles through their microstructure.
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1. Introduction

Research in the field of conducting polymer have at-
tracted considerable attraction in the past three decades.
Conducting polymer matrices provide an interesting and
useful focus for expansion of the fields of polymeric
reagent research and molecular engineering. The elec-
trical characteristics of a polymer can be substantially
modified when the polymer is mixed with conductive
filler such as metal powder, like copper or an intrin-
sically conducting polymer powder. These conductive
polymers composite materials retain some of the advan-
tages of conventional polymers, such as density, cost, and
prose’s ability. Therefore they present tremendous po-
tential as an alternative to metals in specific applications
and widen the range of applications of conductive poly-
mer composite materials. The distribution of the con-
ductive filler phase in a polymer matrix leads to the for-
mation or a conductive network at a rather low critical
content filler. Copper powder has been used to obtain
conductive polyethylene polyaniline with specific electri-
cal properties. The most important form of polyaniline,
green protonated emeraldine is produced by the oxida-
tion polymerization of aniline in aqueous acids e.g. HCl
— the aqueous solutions of aniline hydrochloride mixed
with ammonium persulphate. The electrical properties
gains leads to a potential application in light emitting
diodes, solar cells, sensors, batteries and super capaci-
tors [1, 2].

2. Materials and equipments

Polyethylene low density (CDH, India), copper pow-
der (BDH, UK), aniline C6H5NH2 (Thomas Bakr, In-
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dia), HCl, ammonium per sulfate (NH4)2S2O8 of 99.99%
purity were used in the present work. Doped polyani-
line (polyaniline–HCl) was chemically synthesized us-
ing aniline and ammonium per sulfate as oxidant in 4:1
monomer /oxidant molar ration. 20 ml of aniline was dis-
solved in 40 ml of 1 mol/l aqueous of hydrochloric acid
in a 250 ml flask. The dissolution was kept inside a ves-
sel containing mixture of ice and salt at a temperature
of about 5 ◦C. Separately 12 g of (NH4)2S2O8 was dis-
solved in 160 ml of 1 mol/l HCl acid aqueous solution.
The acid of (NH4)2S2O8 was slowly and carefully added
into the flask containing aniline acid solution under con-
stant stirring within one hour the reaction was kept at
–5 ◦C. Its color changed from brown to blue and then
green, a solid deposit was formed at the bottom of the re-
action flask. The green sediment was filtered, rinsed with
1 mol/l HCl and dried at room temperature for 72 h, the
polymer obtained is called emeraldine [3]. Polyethylene
of 95% weight percent was mixed with 5 weight percent
polyaniline (emeraldine) as the polymer matrix (P-Ani).
Copper powder of 100 nano grain size of weight percent
ranging from 5, 10, 15, 20, and 25 were dry mixed for
18 h with the polymer matrix (P-Ani), each combination
of three samples were hot pressed using ESCOPRESS 100
METKON Co., Turkey. The fabricated samples were of
disc shape and 1.2 cm in diameter and 0.8 cm in thick-
ness. X-ray diffraction was carried out to identify the
polyaniline formation and the composites polymer using
SHIMADZU XRD-6000, Japan, the 2 theta deg, scanned
in the range 10–60◦, while the FTIR test was carried out
by BROKER, Germany. The DC electrical properties
were represented by conductivity tested for all the com-
posites polymer under room temperature, electrical con-
ductivity measured by impedance analyzer 429A, Ger-
many, device under the ASTM standard D150. Scanning
electron microscopy were done by using the Zeiss, Ger-
many, instruments.
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3. Results and discussion

The prepared polyaniline crystal structure was de-
tected. The X-ray patterns of pure polyaniline are shown
in Fig. 1. The main peaks were observed at 2 theta deg
(20.227, 25.00) as emeraldine salt [4], according to the
the ASTM file name 1459 pkk. The characteristic peaks
of the combinations P-Ani-10 wt% Cu and P-Ani 25 wt%
Cu, respectively shown in Fig. 1. Peaks at 2 theta deg
20.227, 25.00 belong to the polyaniline and the peak 36.50
belongs to the polyethylene while the peak 44.95 belongs
to the added copper, according to the ASTM, files name
1460 pkk and 1461 pkk. The copper peaks intensity was
increased as added copper increases, as shown in the pat-
tern of the combination P-Ani 25 wt% Cu. The FTIR
analysis also reflects the formation of prepared polyani-
line as shown in Fig. 2.

Fig. 1. The X-ray diffraction pattern of a — pure
polyaniline (emeraldine), b — P-Ani 10 wt% Cu, c —
P-Ani 25 wt% Cu.

Fig. 2. FTIR spectra of pure polyaniline.

The results got from the electrical test for all fabri-
cated combinations can be shown in Fig. 3. The result-
ing data shows the decrease at the combination P-Ani
5 wt% Cu, while the increase was observed at the com-
binations P-Ani (10,15,20,25) wt% Cu. This is because

of the copper particles dispersion effect. The homoge-
neously dispersed in copper particles within the polymer
matrix [5] lead to the increase in electrical conductivity
and capacitance [6–8], reaching the maximum value at
the combination P-Ani 25 wt% Cu as shown in Fig. 3
and Fig. 4. The dielectric constant measured under dif-
ferent frequencies gives results reflecting the matching
with other electrical properties as shown in Fig. 5. The
scanning electron microscopy (SEM) for all combinations
was tested as shown in Fig. 6, the well dispersion of cop-
per nano particles can be seen clearly through the combi-
nations P-Ani (10,15,20,25) wt% Cu, which indicate the
microstructure feature after adding the copper particles.

Fig. 3. The electrical test as a function of P-Ani wt%
Cu composites polymer.

Fig. 4. The capacitance as a function of P-Ani wt%
Cu composites polymer.

Fig. 5. The dielectric constant as a function of P-
Ani wt% Cu composites polymer.
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Fig. 6. The SEM images of (a) P-aniline (matrix), (b) P-Ani 5 wt% Cu, (c) P-Ani 10 wt% Cu, (d) P-Ani 15 wt% Cu,
(e) P-Ani 20 wt% Cu, (f) P-Ani 25 wt% Cu.

4. Conclusion

The nano copper added to the polymer matrix leads
to remarkable and enhancing the electrical properties in
the final composite of polyethylene–polyaniline. Only the
combination of 5 wt% Cu shows decrease because of the
bad homogenization between the dispersed copper par-
ticles and the polymer matrix. Scanning electron mi-
croscopy shows the evidence of affecting the dispersed
nano copper particles for both cases in decrease and in-
crease, respectively.
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