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Abstract: We reported the synthesis of ink-perovskite/Polyaniline
composite electrode material for the separation of sodium chloride
solution. These electrode materials are prepared by in situ
polymerization process of aniline in the presence of perovskite ceramic
material with carbon catalyst surface. This material is having the
highest conductivity as a cathode material, environmentally benign and
low cost material. The structure and morphological properties of
prepared ternary composites are characterized by Fourier transform
infrared, X-ray diffraction, SEM and TGA. The electrochemical
properties are also investigated using four probe method and cyclicvoltametry method. Electrochemical measurement shows that the
conductivity of ternary composites is 128 Scm−1. Resulting composites
are promising cathode material for low power consuming electrolysis
process of sodium chloride solution.
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Introduction
Nowadays, conducting polymers has been paid much
attention due to their wide applications in many fields
such as Electromagnetic (EM) interference shield,
chemical sensors, electrodes, electro ceramic devices,
microwave absorption coating materials, electro catalyst
in electrolysis and fuel cell etc. (Cui et al., 2013). The
electro dialysis applications include desalination of water
(Kariduraganavar et al., 2006; Kalogirou, 2005),
production of acids and bases (Tongwen, 2002;
Faverjon et al., 2006) production of organic acids
(Huang et al., 2007), recovery of metal ions
(Santarosa et al., 2002; Ahmed et al., 2002),
desalination of cheese whey (Bazinet, 2004), etc. Current
efficiency and power requirements are two main factors
in the clear alkali electrolysis experiment. In the Chloralkali cell, chlorine ions liberates the electrons to form
chlorine gas at the anode and at the cathode; water
takes up these electrons releasing hydrogen gas and
hydroxyl ions. The amount of electric energy needed
for driving the electrode reaction depends mainly on
the type of the electrolytic cell with their respective
thermodynamic decomposition potential difference

(∆E) (Furuya and Aikawa, 2000). During the Hydrogen
Evolution Reaction (HER) a high voltage input, i.e.,
1.23 V more than the Oxygen Reduction Reaction
(ORR) is required and thus, results in an inefficient
means of energy consumption for producing the desired
and undesired products. The total cell voltage applied,
leading to increased energy efficiency for a Chloralkali cell can therefore be realized by reducing the
thermodynamic decomposition potential difference
(∆E) between Hydrogen Evolution Reaction (HER) and
the Oxygen Reduction Reaction (ORR) or the oxygenconsuming cathode.
In the electro dialysis experiment, suitable electro
catalysts can be used as the cathode. Oxygen reduction
electrodes, containing non-noble metal catalysts
supported on high surface area carbon and wet-proofed
with PTFE were proved to be effective (Kiros and
Bursell, 2008). The impact of electro catalysts to bring
about high activity, i.e., high current densities at lower
potentials and attain stable performances without
significant degradation over a period of time is of utmost
importance for gas diffusion electrodes. Many
inexpensive, non-noble metal catalysts we know
accelerate the rate of the reaction to a substantial level.
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Metal oxides, perovskite and paralyzed N4-organic
complexes have been found to be among the costeffective and active electro catalysts for ORR in alkaline
electrolytes (Tributsch et al., 2008; Faubert et al., 1998;
Bezerra et al., 2008; Zhong et al., 2006; Wang, 2005).
Experiments have revealed that modes of catalyst
preparation, selection of high surface area carbons
together with chemical, physical as well as thermal
pretreatments have a profound effect on the overall
outcome on the cathodic reactions of these materials.
The electrically conductive nature of the Polyaniline
(PANI) family has been well known (Ogura et al., 1998).
Polyaniline (PANI) was widely studied due to its unique
stability, conductivity and low cost (Phadnis and Joshi,
2007). The magnetism, conductivity and other physical
properties of PANI can be improved by doping with
metal oxide (Strathmann, 2005; Sarraco, 2003;
Strathmann, 2004; Noble and Stern, 1995). Among the
electrically conducting polymers this family of
compounds attracted intense attention due to its
environmental stability, ease of synthesis, exciting
electrochemical, optical and electrical properties. It is
found that a metal salt, a nitrogen donor and a carbon
support are required to prepare cheaper oxygen reduction
active catalysts (Ye and Vijh, 2003). Perovskite
materials exhibit special properties from the application
point of view. These compounds are used as catalyst
electrodes in fuel cells (Matthew and Swartz, 2004;
Bastidas et al., 2006; Lurdes et al., 2001) and in oxygen
production by air separation (Kharton et al., 1999;
Wang et al., 2004). Thus the perovskite exhibit
appreciable oxygen ionic and electronic conductivity,
have become of great interest as a potential
economical, clean and efficient means to produce pure
oxygen. So perovskite is used as a support for loading
ORR catalyst synthesized in the electrolysis of sodium
chloride cathode.
In the present work, we studied the morphology and
electrochemical properties of Ink-perovskite/polyaniline
ternary composite material. Polyaniline was formed by
in situ polymerization process and electrode material
prepared by a solid state process. Conducting material
was characterized by means of four probes and cyclicVoltammetry method and morphological properties are
characterized by Fourier transform infrared, X-ray
diffraction, SEM and TGA.

(Loba), ferric nitrate (Fluka), EDTA (Sdfine), NH4OH
(Merck) and carbon (Sdfine) were used. Double distilled
water was employed.

Preparation of Ternary Composite Material
Preparation of Perovskite
Perovskite is prepared following the EthyleneDiamine-Tetra-Acitic
acid (EDTA) method
(Tsiakaras et al., 1998). Different nitrates are mixed in
water in the given proportion in separate beakers.
Lanthanum nitrate (6.46 g) 16 mL of water, Strontium
nitrate (20.0 g) is mixed with 40 mL water, cobaltous
nitrate (10.24 g) in 20 mL of water and ferric nitrate
(60.0 g) in 110 mL of water is taken and then mixed with
Ethylene-Diamine-Tetra-Acitic acid (EDTA) (31.05 g)
mixed in 500 mL of water. The pH is maintained at 8.0
exactly using NH4OH and the mixture is stirred
vigorously for 12 h at a temperature of 55°C. The
precipitate formed is then filtered, dried and milled to get
the perovskite powder.

Preparation of Poly Aniline
Aniline (9.313 g, 0.100 mol) was added to HCl,
solution (100 g, 1.0 M) and the pH adjusted to +1.0 by
the further addition of a few drops of HCI.
Ammonium per sulfate (28.52 g, 0.125 moL) was
dissolved in distilled water (51.5 g) and added to the
reaction solution which was being stored at room
temperature. After 30 min the precipitate formed was
recovered by filtration, washed with distilled water
(200 mL), deprotonated by stirring for 24 h in aqueous
ammonia solution (100 mL, 33% w/v), refiltered and
washed with water (200 mL) then with isopropyl
alcohol (200 mL) and finally dried under vacuum at
60°C for 24 h to give 8.46 g of a purple powder
(Adams et al., 1996).

Preparation of Catalyst Ink
The direct adsorption procedure is used to load the
carbon with the electro catalyst. Electro catalyst
polyaniline and perovskite (1 g) obtained from steps 2.1
and 2.2 is mixed with carbon (3 g) in 25 mL of water to
give a 25% loading. It is then sonicated for 4 h, dried at
750°C and then heated at 900°C under N2 atmosphere.

Preparation of Porous Electrodes

Material and Methods

The mixture is cast over a metal (stainless steel,
copper, nickel coated copper) mesh and compressed by
the use of steel plates on both sides. It is then sintered at
360°C for 1 h. The electrode is then loaded with catalyst
ink (preparation given in Fig. 1) and heat treated at
900°C for 1 h under nitrogen atmosphere. The image of
porous electrode is given in Fig. 2.

Experimental
Chemicals Aniline (Sdfine), HC1 (Sdfine),
Ammonium per sulfate, Fluka), aqueous ammonia
solution (Fluka), isopropyl alcohol (Merck), Lanthanum
nitrate (Loba), Strontium nitrate (Loba), cobaltousnitrate
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recorded on FEI, Quanta 200 HV spectrophotometer.
The electrical conductivity of the composite, pressed into
pellet under 15 MPa at room temperature, was measured
by a four point probe technique using a programmable
Direct Current (DC) voltage/current detector and cyclic
voltammeter analysis performed by the gamrey
potentiostate analyser with scane rate of 10 V/s. Thermal
Gravimetric Analysis (TGA) was performed on a PerkinElmer Pyris Diamond analyzer with a heating rate of
10°C min−1 in N2 atmosphere.

Results and Discussion
FTIR Spectra
FTIR spectra is used to analyze the functional groups,
nature of bonding and the chemical structure of the
compound Fig. 3 shows the FTIR spectra of catalytic Ink
perovskite/polyaniline ternary composites recorded in
the range of 4,000 to 500 cm−1 at ambient temperature,
respectively. Polyaniline has the characteristic peaks
observed at1, 578 and 1,482 which can be ascribed to C
= C and C = N stretching vibration of quinoid and
benzene ring, which indicate the oxidized stage of the
PANI. The peaks at 1,305 and 1,360 correspond to the
C = N and C-N stretching band of a secondary aromatic
amines, while the peaks at 1,198 cm−1 are due to the in
plane bending vibration mode of C-H, which is
associated with high electrical conductivity and high
degree of electron delocalization of polyaniline. The
band is observed at 3,434 cm−1 at N-H stretching of
aromatic rings. The main signal at 1670 cm−1 can be
ascribed to the stretching of the carbonyl group and four
distinct peaks with different intensities from 1450 to 1600
cm−1 are due to quinine skeletal stretching vibrations,
respectively. The absorptions at 1592 and 1581 cm−1 are
assigned to the stretching vibration of the C=C bond in the
aromatic ring (Li et al., 2008; Tan and Arof, 2006).
The peaks near 3400 and 2751 cm−1 indicate the
presence of OH and O-C-O residues probably due to
atmospheric moisture and carbon respectively. The
appearance of the band near 1400-1530 cm−1 are
assigned to the C = O stretching of carbon surface. The
absorption peak around 551 and 459 cm−1 can be
attributed to the presence of strontium iron oxide phase.
The strong absorption band arising at 551 cm−1
represents the bonding between Sr-o-Fe. The
characteristic absorption at 735 and 924 cm−1 may be
due to the possibility of co-FeOOH.

Fig. 1. Prepration of electrode material

Fig. 2. Image of electrode

Characterizations of the Ink Perovskite/Polyaniline
Composite Electrode
The FT-IR spectra wear recorded on a bruker FTIR(Vertex-70). Spectrophotometer in the range of 4,000500 cm−1 resolution with KBr pellets at room
temperature. The XRD pattern measurement Seifert
XRD Debyeflex 2002 was employed to study the crystal
structures of the composite electrode. The surface
morphology and nanostructure of the electrode were

XRD
The
XRD
results
of
catalytic
Ink
Perovskite/polyaniline composites are shown in Fig. 4.
The composite powder annealed at 900°C for 2 h shows
a single phase, as observed from Fig. 4. This can be
529
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indexed to a single rhombohedral crystal structure with
standard R-3C symmetry. The polyaniline shows two
broad diffraction peaks at 2θ = 39.5° and 32.5° as shown
in Fig. 4., which can be assigned to the scattering
from periodicity parallel and perpendicular molecule
chains. By the in situ polymerization method, those
perovskite composite can be incorporated in the
polyaniline composites. According to the XRD
patterns, it is found that the crystal structure is

nothing changed in the catalytic Ink-perovskite/
polyethylene composites, but changed in the peak
intensities. X-ray patterns clearly suggesting the
formation of a highly crystallized powder. For these
samples, X-ray diffraction patterns showed peaks at
2θ = 32.4°, 46.7° and 58.1° which were attributed to
the perovskite structure (Singh et al., 2013; Silva et al.,
2010). All perovskite structure peaks identificated
were indexed as rhombohedral system.

Fig. 3. FT-IR of Ink-perovskite/polyaniline composite electrode

Fig. 4. XRD results of catalytic Ink Perovskite/polyaniline composites
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TGA

the charge alone the alternative benginoid ring and
amino group with flat configuration the zigzag
configuration of aromatic ring possesses maximum
conjugation and p-p stacking interaction in this way the
whole system progress toward an internal chain
structure (Silva et al., 2010). The chain like
morphology has some influence electrical conductivity
and electrochemical properties. That has catalytic
ink/PANI granular structure in these blends and
polyaniline is well dispersed in the Composite matrix.
SEM micrographs showed non-uniform particles with
sizes ranging from 2 to 20 µm. Such distribution in
particle size may be a metal element which attributed to
the preparation method and calcination temperature
range used. The blunt, non uniform surface is the
carbon (ink) surface.

Thermal gravimetric analysis has been found to
yield information on the decomposition temperatures
of oxides as also about its thermal stability. Thermo
gravimetric curves of the composite heated treated at
900°C and shown in Fig. 5. TGA curves showed an
initial mass loss of about 21% in the temperature
range of 30-315°C that is attributed to water loss,
polyaniline
initial
decomposition
and
composite/polyaniline decompositions. A second loss
weight of 39% can be observed in the range 315540°C which is due EDTA decomposition given
perovskite oxide, sodium carbonate and sodium oxide.
The TGA curve of ternary composite is show in the
Fig. 5. The curves shown typically four regions of
mass loss in the temperature range studied. EDTA
thermo decomposition starting at 30°C and following
until 750°C. In the temperature range of 750-850°C
there is the formation of a stable product that was
attributed to strontium oxide/or Fe oxide. TGA curves
of the EDTA residue obtained by calcinations at
773°C for 2 h showed an initial mass loss of about 9%
in the temperature range of 80-108°C that was
attributed to water loss. A second loss weight of about
90% in the temperature range of 860-1200°C was
attributed to the decomposition of sodium carbonate,
revealing the predominant presence of this material in
the temperature range of 750 at 860°C. For the
samples heated treated at 220°C, the complexation of
nickel or cobalt. The mass loss observed between 30140°C was attributed to several simultaneous
decomposition reactions of the residual material of the
synthesis process. The samples still showed another
decomposition step above 850°C which can be attributed
to the decomposition of perovskite compounds.

Electrical Conductivity
The
electrical
conductivity
of
Inkperovskite/polyaniline was measured using a standard
two probe method at room temperature. For the resultant
Ink-perovskite/polyaniline composites show the highest
conductivity of 128 Scm−1. Electrical Conductivity
depends on dimension as it is directly proportional to
cross-sectional area and inversely proportional to the
length of the composites. The granular chain like
polymer shows the highest conductivity due to the
morphology. The Conductivity of ternary composite
increases
with
increasing
the
ratio
of
perovskite/polyaniline and vice versa. In the present
study, the dependence of the conductivity of ternary
composites on temperature were systematically
investigated (Yu et al., 2014). Figure 7 shows the
conductivities of the ceramic samples in 30-80°C in the
air. It can be seen from Fig. 7 that the overall
conductivities of the samples increase with increasing
temperature. The variation order in the conductivity may
be explained by the mean activation energy of the
conductivity. The high conductivity is observed for Inkperovskite/polyaniline to be 128 Scm−1 at 80°C.
Figure 8 represents the cyclic Voltammetry of Inkperovskite/polyanilineternary composite. The cyclic
Voltammetry has been performed for the SS/Polymer
electrolyte/SS cell couple with a scan rate of 10 V/s.
The electrochemical window has been obtained from
-0.2 to +1.0 V for composite material. One peak
observed at 0.21 V represents a slight degradation
reaction of polyaniline.
The cathodic and anodic peaks of the cell are not
observed. This may be due to non-interaction of metals
in the polymer electrolyte with the SS electrodes. The
cyclic voltammograms exhibit firmly about the
cyclability and reversibility of electrolyte.

SEM
The morphology of composite catalytic Inkperovskite/polyaniline was examined by HR SEM as
shown in Fig. 6. It can be seen that composite display a
gradual chain like structure of catalytic Inkperovskite/polyaniline. The formation of granular chain
like structure could be understood as follows the
polymerization of aniline was induced in a highly
acidic condition and anilium ions adsorb readily on the
surface of dispersed polyaniline composite and
undergooxidativ
polymerization.
During
polymerization the mutual repulsive interaction occurs
between positively charged amine groups in polymer
chain which in hence the free energy of the system is
more likely to attain the stability by delocalization of
531
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of sodium chloride is decomposed electrolytic ally by
direct current, producing chlorine at the anode, hydrogen
at the cathode and sodium hydroxide solution in the
catholyte chamber. So that the suitable cathode material
define in the term of low power consumption and high
current efficiency of the electrolysis process of sodium
chloride (Riegel and Kent, 2003).

Electro Dialysis Process of Sodium Chloride
The production of chlorine and caustic soda by
electrolysis of aqueous solutions of sodium chloride is
one of the most important electrochemical processes,
demanding high energy consumption (Kiros and Bursell,
2008). In Chlor-alkali electrolysis is an aqueous solution

Fig. 5. Thermo gravimetric curves of the composite electrode

Fig. 6. SEM image of Ink-perovskite/polyaniline composite electrode
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Fig. 7. Electrical conductivity of Ink-perovskite/polyaniline ternary composite

Fig. 8. Cyclic Voltammetry curve of electrode material

Experimental Set up for Electrolysis

circulating through two, 1 liter glass reservoirs using
peristaltic pumps. The salutation is continuously stirred
with magnetic stirrers and the power is supplied using
constant DC source. A potential difference is applied
across the electrodes and a constant current density (254
A/m2) through the membrane is maintained. Sample of
catalyst is taken for 30 min time interval and the
concentration of NaOH produced are measured
volumetrically by the titration method. The current
efficiency (%) and the power consumed (kWh/mol NaOH
produced) are determined by the following formulae:

The schematic of the apparatus used for the
electrolysis experiments is illustrated in Fig. 9. It
consists of two detachable compartments, each having
a volume of 75 mL with the provision for fixing a
membrane
(Nafion®
commercial
membrane)
(Pawlak et al., 2012) between the compartments. The
inlets are connected to a peristaltic pump for the
continuous flow of the electrolytic salutation. The two
electrodes used, namely the cathode are made of
stainless steel (reference electrode) and the anode is
made of platinum (reference electrode) wire. The two
salutation anolyte (NaCl) and catholyte (water) are

η=
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Fig. 9. Electro dialysis experiment setup

Fig. 10. Power consumption and current efficiency of different electrode
Table 1. Power consumption, current efficiency and voltage of perovskite electrode
Electrode
Stainless steel
Perovskite composite

Voltage (V)
4.9
3.4

Current efficiency (%)
90.5
95.4
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NaOH kWh/mol of produced:

E=

VAvg ⋅ I ⋅ t
∆N ⋅ 1000

E=
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