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Abstract:

Nanoparticles when combined with conducting polymer polyaniline leads to increase in advanced
functional properties. Cu, Ni and Zn metal oxide (CNZMOQ) nanoparticles were synthesizes by
Sol-gel technique. Conducting polymer polyaniline was synthesized by low temperature chemical
synthesis method. Insitu technique was used to synthesize CNZMO-Polyaniline (PANI)
nanocomposite. Metal nanoparticles, polyaniline and metal oxide-polyaniline nano-composite
were characterized by UV-visible, FTIR, FESEM, XRD and TGA/DTA techniques. Opto-
electronic, thermal and anticorrosive properties of CNZMO-PANI nano-composite was compared
with their bulk counterpart. The optical band gap of the PANI-nano-composite was found to be
1.72 eV which is lesser than pure polyaniline (3.2 eV) and bulk counterpart (2.2 to 3.6 eV).
Anticorrosive property of CNZMO-PANI nano-composite was tested for mild steel in 0.1 N
hydrochloric acid medium and was found to be good corrosion inhibitor at 80 ppm concentration.
CNZMO-PANI nanocomposite was found to be thermally stable up to 650 °C. Hence, synthesized
CNZMO-PANI nano-composite has large number of applications in the field of nano-electronics,

heat resistance composite material, optoelectronics and as anticorrosive material.

Keywords: Metal nanoparticles, Nano-composite, Sol-Gel method, Polyaniline, Conducting

polymer.



1. Introduction:
Manipulation of material at nanoscale for creating distinctive substrates with vast capacity to

change society is referred to as nanotechnology [1,2]. Implementation and acceptance of
nanotechnology is very vast and rapid in the field of education, training and research and
development [3]. Materials and products made from Nanotechnology may have a very enormous
range of applications, as in heat resistance material, nanoelectronics, optoelectronics, biomaterials

energy production, consumer products, anticorrosive materials etc.

Conducting polymers are the organic polymers which conduct electricity, commonly known as
synthetic metals [4]. Conducting polymers have improved properties over metals such as strength,
elasticity, plasticity, toughness, light weight, greater workability and economy [5]. Conducting
polymers also have very low resistivity of around 10 cm™ [5-7]. Polyphenylene, Polyacetylene,
Polypyrrole, Polyaniline, Polythiophene, etc. are some examples of conducting polymers. Table 1
shows the list of few commonly used conducting polymers [8]. Polyaniline is a significant
conducting polymer and has become popular over the past few years [9-12]. The conjugated -
electron system existing in PANI increases its conductivity in a favorable way which then unlocks
the path to achieve its several uses like battery electrode material, transparent conductor,

biosensors, corrosion protection practices, etc. [13].

Manawwer Alam and his group [14] calculated the electrical and optical data of PANI/ZnO nano-
composite. Red shift was observed by the addition of ZnO nanoparticles. The nanocomposite was
thermally stable upto 120 °C and displayed 3.0 x10% Scm™ conductivity. Raju and his group [15]
synthesized Nickel-Zinc ferrite/polymer nano-composite by mechanical ball milling process and
used XRD, SEM and FT-IR spectroscopy techniques for characterization. They reported that the
permittivity and permeability value decreases on increasing content of polymer.

In this paper, we have synthesized Cu, Ni and Zn metal oxide nanoparticles by sol-gel techniques.
Conducting polymer polyaniline was synthesized by low temperature chemical oxidative
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technique. Characterization of nanoparticles and conducting polymer polyaniline was carried out
by UV-visible, FTIR, FESEM, XRD and TGA/DTA techniques. CNZMO-PANI nano-composite
was synthesized by in-situ method. Optical, thermal and anticorrosive study of CNZMO-PANI
nano-composite was carried out.

2. Material and Methods:

2.1. Sol gel synthesis of nanoparticles:

All the chemicals used i.e. CuCl;.2H,0, NiCl,, ZnCl,, AICls, aniline, oxalic acid, ethanol, HCI
were of analytical reagent (AR) grade and solutions were prepared using double distilled water
(JSGW, Ambala 427/3). AICI; was procured from Fisher Scientific having percentage purity 98.7
%, Ethanol was procured from CSS analytical reagent having percentage purity of 99.9%, Aniline
was procured from Rankem having percentage purity 99.0%, Oxalic acid was procured from Finar
having percentage purity 99.5%, ZnCl, was procured form Rankem having perce-ntage purity
98.9%, CuCl,.2H,0 was procured from CDH having percentage purity 99.0% and NiCl, was

procured from Sigma-Aldrich having percentage purity 99.99 %.

The 0.5 M metal salt solution was prepared (CuCl,.2H,0, NiCl, and ZnCl,). A turbid solution was
obtained. Then few drops of concentrated nitric acid (HNO3) were added to adjust the solution pH
to 1-2. This solution was labeled as A. Standard oxalic acid and pure ethanol was mixed in the
ratio of 1:4. This solution was termed as B. Solution B was added to solution A in a drop wise
manner at a constant temperature of 70.0 ‘C with continuous stirring at 600 RPM (IKA C-MAG).
The reaction was continued to 6.0 hours. A green color slurry was obtained. Then the slurry was
kept in an oven maintained at a constant temperature of 100.0 C for 24.0 hours. After drying,
washing of product was carried out with water and then acetone. The product was again dried for
6.0 hours at 70.0 C. The metal oxide nanoparticles were characterized by UV-visible spectroscopy
(UV -2600 Shimadzu), FTIR (Bruker Model No. 12498665), XRD, FESEM, and TGA/DTA

(Shimarzu Coop. Model No. 545) techniques.



2.2 Oxidative polymerization low temperature synthesis of conducting polymer PANI nano-
composite:

The 1.0 M aniline solution + 1.0 M HCI solution and 1.0 M metal nanoparticles solution (CuO,
ZnO and NiO) were taken in a borosil beaker. The beaker was kept in ice to maintain low
temperature ~4.0 C. Then 1.0 M AICl; solution was taken in a burette and added to the beaker
containing metal oxide and aniline solution in drop wise manner with constant stirring (at 600
rpm). The solution was kept undisturbed for 7.0 hours. The product was filtered by using SS
vacuum filtration. The mother liquor obtained was centrifuged and the product obtained was
washed with water, dilute hydrochloric acid and then with organic solvent (ethanol). The product
was then dried for 24.0 hours in an oven maintained at a constant temperature of 70.0 C. The
green-black solid obtained was crushed into fine powder using mortar-pestle and then was stored

in a glass vial bottle.

3 Results and discussion:
3.1 FTIR spectra of nanoparticles and CNZMO-PANI nano-composite

The prepared nanocomposite was examined through FTIR spectroscopy via assigning the
functional groups to impurity if present and to confirm the purity of metal oxide nanoparticles.
Figure 2 shows FTIR spectra of metal nanoparticles and PANI-nanocomposite. It is apparent from
FTIR spectra that peaks positioned at 520.5, 692.35 and 821 cm™ are due to CuO, ZnO and NiO
metal oxide nanoparticles and broad peak at 3381 cm™ is due to OH stretching vibrations present
due to atmospheric moisture content in sample. The FTIR spectrum (Figure 2) shows bands of
PANI-nano-composite at 3383, 1625.75, 1488, 1358, 1295.85, 826.24, 822.75, 692.69 and 515.4
cm™. The peak at 3383, 1625.75, 1488 and 1358 cm™ occurs because of quinonoid and benzenoid
ring bending and stretching vibrations. The peak at 1358 cm™ features to C-N stretching vibration
adjacent to quinonoid ring. Absorption peak at 1295.85 cm™ resembles to C-N stretching

vibrations of secondary aromatic amine. Peak at 1488 cm™ is because of C=C stretching and peak



at 826.24 cm™ is because of C-H bending. These peaks confirmed the formation of polyaniline.
The presence of peaks at 821.75, 692.19 and 525.4 cm™ are due to CuO, ZnO and NiO metal
oxide nanoparticles in PANI-nano-composite spectra confirms the in-situ mechanism of PANI-

nano-composite formation. Peaks at 450-550 cm-1 corresponds to ZnO nanoparticles [16].

3.2 Optical Characterization
3.2.1 UV-Visible absorption study

The HOMO and LUMO are separated through energy gap called band gap which is of vital
importance as energy gap governs conductivity and optical absorption property of PANI-nano-
composite. The optical performance of PANI-nano-composite is based on collection of several
PANI chains and electronic combination of pi-system. Transition of charge transporters are
examined by UV-visible spectrum. Figure 3 shows UV-visible absorption spectra of metal
nanoparticles and PANI-nano-composite. The maximum absorbance at 206.50 nm (Al)
wavelength was found to be 1.046 for nanoparticles and at 245.50 nm (A2) as 0.6125 for
CNZMO-PANI nano-composite. A bathochromic shift was observed for maximum absorbance
when we switch from metal nanoparticles to PANI-metal oxide nanocomposite. This red shift is
due to interaction between metal oxide nanoparticles and PANI nanocomposite rings which
significantly increase the extent of electron delocalization. The peak at 245.50 nm is because of
IT-IT* transitions which is related to degree of conjugation between the neighboring phenylene
rings in polymeric chain. The decrease in absorbance maximum from 1046 to 0.6125 proves that
CNZMO-PANI nanocomposite are spongy in nature and small expansion in volume takes place
during in-situ synthesis of CNZMOO-PANI nanocomposite which is due to entrapment of metal
oxide nanoparticles in the cavity of benzene ring of PANI.

3.2.2 Optical band gap analysis

Band gap of CNZMO-PANI-nano-composite was measured by absorbance coefficient data as

function of wavelength using Tauc relation given as under [17]:



ahv = B(hv-Eg)" ...(1)
Where, o = absorption coefficient, v = photon energy, B = band gap tailing parameter, Eg =
characteristic band gap energy and n = transition probability index.
The value of absorption coefficient, o, at corresponding wavelengths is calculated using
Lambert’s-Beer relation [18].

0 = 2.303A/t (2
Where, t is the thickness of cuvette (path length) which is 10 mm and A is the absorbance
coefficient. 4v is calculated by the use of relation given as under:

hv = 1242 /A ...(3)
Plot of (ahv)? versus Av is linear function of indirect allowed transitions in PANI-nano-composite
and are shown in Figure 4. The optical energy gap of CNZMO-PANI-nano-composite is 1.72 eV,
which is because of n-n* transition from valence to conduction band whereas the pure PANI value
is reported as 3.2 eV [19]. A decrease in optical band gap was observed (3.2 to 1.72 eV) after the
addition of nanoparticles to polyaniline. Hence, the conductivity of CNZMO-PANI nano-

composite is enhanced.

3.3 XRD Analysis

Crystallinity of conducting polymers is a matter of interest due to their highly ordered systems
exhibiting high conductivity. Thus to examine crystallinity of PANI-nano-composite and metal
salt nanoparticles, they are exposed to XRD analysis and results are showed in Figures 5. Peaks in
X-ray diffraction pattern of metal oxide nanoparticles are indexed at 18° (111), 23° (200) and 30°
(211). Peaks in X-ray diffraction pattern of CNZMO-PANI nanocomposite are indexed at 19°
(110), 23° (111) and 30° (211). The peak indexed at 20.2 O corresponds to definite separation
between rings of polymeric chains [20]. On comparing X-ray diffraction pattern of metal oxide
nanoparticles with CNZMO-PANI nanocomposite, it is observed that peaks become sharper and

degree of crystallinity increases in case CNZMO-PANI nanocomposite. The intensity of peak
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indexed at 19° (110) also increases. The sharp high intensity peaks indicates that the CNZMO-PANI
nano-composite formed is crystalline in nature. The peak indexed at 30.0 and 40.0° corresponds to
hexagonal wurtzite zinc oxide with high order of crystallinity (JCPDS card no. 36-1451 space
group P63mc).

With the help of Scherer equation [21], average particle size of the nanoparticles was calculated
as: d=kAp Cos 6 ...(4)

Where, d = average particle size of ordered crystalline domains which may be smaller or equal to
the grain size, k = dimensionless shape factor with a value close to unity (= 0.9), A = X-ray
wavelength, g = line broadening at half the maximum intensity, @ = Bragg angle. From the above

equation, the average particle size (d) of particles was observed to be 40-60 nm.

3.4 Thermogravimetric Analysis

The Figure 6 shows TGA/DTA curve of CNZMO-PANI nano-composite when exposed to
constant heating rate of 5.0°C/min. The green coloured thermo-gravimetric curve represents the
TGA and blue coloured thermo-gravimetric curve represents DTA. As observed from TGA curve
(Figure 6) that the first major weight loss takes place at 180.0°C is due to loss of moisture and
other adsorbed gases and the second major weight loss takes place at 550.0 °C is due to loss of
one or two metal oxide nanoparticles and carbon dioxide gas from the nano-composite. The
gradual and steady weight loss over the broad temperature range represents high order of thermal
stability of CNZMO-PANI nanocomposite. CNZMO-PANI nano-composite was found to be
thermally stable up to 670.0 °C. Hence, CNZMO-PANI nanocomposite can be used as heat

resistance material.

3.5 FESEM analysis
Figure 7 shows FESEM images of metal nanoparticles and CNZMO-PANI nano-composite,

respectively. Average particle size of metal nanoparticles was found to be 50 to 80 nm. It is
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observed from Figure 7 that metal oxide nanoparticles are uniformly distributed in conducting
polymer PANI matrix. Metal oxide nanoparticles get entrapped in benzene ring cavity leading to
small expansion in PANI nano-composite making it some spongy like material. Few metal oxide
nanoparticles were also present between junctions of APNI chain network. A phase contrast
picture is not appeared due to complete superposition of metal oxide nanoparticles by the PANI
ring framework. But a detailed study reveals that bright phase represent metal oxide nanoparticles

and somewhat dark region corresponds to PANI ring framework.

4. Anti-corrosive study of CNZMO-PANI nano-composite:

Mild steel sheet was procured from local market of Mahendergarh (Haryana) and cut into eight
small coupons of size 3.0 x 1.5 cm? with metal sheet cutter. All the metal sheet coupons were
mechanically polished using different grades of emery papers numbered as 100, 200, 300 and 600
M, respectively in order to have mirror like finish. The mild steel coupons were washed initially
with water and then acetone and then dried with hot air blower. Weights (initial weight) of the
mild steel coupons were recorded. 0.1 g of PANI-nano-composite was added in 100 mL of 0.1 N
HCI solution. This solution was termed as stock solution. From the stock solution different
concentration of PANI nano-composite as corrosion inhibitors were prepared.

Then mild steel coupons were dipped in the above prepared solutions (each beaker contains one
mild steel coupon) for 3.0 hours with and without PANI-nano-composite and the beakers were
covered with aluminium foil and left undisturbed. After 3.0 hours, the mild steel coupons were
taken out and washed with water and then with acetone and then dried. Weight (final weight) of
each mild steel coupons were recorded. From the weight loss of sample, corrosion rate and
percentage corrosion inhibition efficiency was calculated by using ASTM standards [22-24].
Table 2 shows initial and final weights, weight loss, corrosion rate and percentage corrosion
inhibition efficiency (PCIE) of CNZMO-PANI nanocomposite at different concentration (20 to

100 ppm) at room temperature. It is observed from Table 2 that weight loss decreases and
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corrosion rate decreases and percentage corrosion inhibition efficiency increases with increase in
concentration of CNZMO-PANI nanocomposite. More than 91 % protection to mild steel was
provided by CNZMO-PANI nanocomposite at 100 ppm when exposed to 0.1 N HCI solutions as
corroding medium at room temperature. Hence, CNZMO-PANI nanocomposite proves to be very

good anticorrosive composite material for providing protection to mild steel.

5. Conclusions:

CNZMO-PANI nano-composite was synthesized by in-situ method. IR data affirms uniform
mixing of CuCl,.2H,0, NiCl,.6H,0 and ZnCl, in PANI matrix. Thermogravimetric study reveals
that the synthesized CNZMO-PANI nano-composite is thermally stable up to 670 °C. Through
XRD analysis, the crystalline nature of the synthesized PANI-nano-composite was confirmed.
Synthesized CNZMO-PANI nano-composite acts as very good corrosion inhibitor for mild steel
in 0.1 N HCI solution as corroding medium at 80 and 100 ppm concentration. Optical band gap of
CNZMO-PANI nanocomposite was found to be less than pure metal nanoparticles and PANI.
Synthesized CNZMO-PANI nano-composite was tested as nano-electronics, heat resistance
composite material, optoelectronics and anticorrosive material to protect the metals and their

alloys from corrosion.
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Figure captions:
Figure 1. Different steps involved in the synthesis of metal oxide nanoparticles by Sol-gel method.

Figure 2. FTIR spectra of metal oxide nanoparticles and CNZMO-PANI nano-composite.

Figure 3. UV-visible absorption spectra of metal oxide nanoparticles and CNZMO-PANI nano-
composite.

Figure 4. Optical band gap observed from Tauc relation in case of CNZMO-PANI nano-
composite.

Figure 5. X-ray diffraction pattern of metal oxide nanoparticles and CNZMO-PANI nano-
composite.

Figure 6. TGA and DTA curve of CNZMO-PANI nano-composite.

Figure 7. FESEM images of metal oxide nanoparticles and CNZMO-PANI nanocomposites.
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Table 1. Structure, optical band gap and DC electrical conductivity of few common conducting

polymers.
Polymer conductivity Structure Energy gap (eV) DC electrical
(the year in which conductivity (S/cm)
discovered)
Pol ' . o1 >
olyacetylene E%N/ 1.5 10°-1.7x 10
f
Polypyrrole (1979) - - 3.1 10° - 7.5 x 10°
i
.-o-l N _‘E
H
Polythiophene (1981) ] 2.0 10-10°
L III.I .I“I T
et S_/ I
Polyphenylene (1979) - : 1 3.0 10°- 10°
. 1
Poly(p-phenyllene [ y 2.5 3-5 x 10°
vinylene) (1979) _QJT
L r
Polyaniline (1980) 3.2 30-200
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Table 2. Weight loss (g), corrosion rate (mils/year) and percentage corrosion inhibition efficiency
(PCIE) of blank and CNZMO-PANI nano-composite at different concentrations (20 to 100 ppm)

for mild steel in 0.1 N HCI solution at room temperature.

Concentration Initial Final weight Weight loss Corrosion PCIE PCIE (Lit.)
(ppm) weight (g) (8) (8) rate
(mils/yr)
20 1.2185 1.0833 0.1352 2252.81 42.14
40 1.2817 1.1477 0.1340 2236.12 42.57
60 1.2393 1.1642 0.0751 1251.56 67.85
80 1.2416 1.2025 0.0391 650.81 83.28 88.90 [25]
100 1.2286 1.2092 0.0194 317.06 91.85 51.78 [26]
Blank 1 1.2409 1.0025 0.2384 3971.62 -
Blank 2 1.2623 1.0314 0.2309 3838.12 -
Blank 3 1.2348 1.0024 0.2324 3871.5 -

Average corrosion rate of blanks = 3893.7 mils/yr.

14



Highlights

CNZMO-PANI nano-composite was synthesized by in-situ method.

IR data confirms uniform mixing of CuCl,.2H,0, NiCl,.6H,0 and ZnCl, in PANI matrix.
Thermogravimetric study confirms thermally stable up to 670 °C.

XRD analysis confirms the crystalline nature of PANI-nano-composite.

CNZMO-PANI nano-composite acts as very good corrosion inhibitor for mild steel.
CNZMO-PANI nano-composite was investigated as nano-electronics, heat resistance

composite material, optoelectronics and anticorrosive material.
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