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Polyorthochloroaniline (POC) nanocomposites with montmorillonite (MMT) clay (POC/
MMT) nanocomposites (POC/MMT clay NCs) are the most widespread and attractive
among organic/inorganic nanocomposites due to their distinctive properties in addition to
inexpensive, abundance, and attractive characteristics such as ion-exchange and great
surface area properties and have ample applications. The preparation of
polyorthochloroaniline nanocomposites with montmorillonite (POC/MMT) clay
nanocomposite has been completed chemically with the help of oxidative
polymerization of orthochloroaniline in the presence of montmorillonite (MMT) clay.
POC will be admixed with montmorillonite (MMT) clay at various concentrations, by
keeping the o-chloroaniline monomer in the reaction mixture constant. To investigate
the influence of MMT clay on the characteristics of POC, the load percentage of MMT clay
in the nanocomposites was adjusted. The characterization and properties have been
determined by using different techniques. FTIR spectroscopy was used to investigate the
interactions between POC andMMT. The complete homogeneous dispersion of MMT clay
in the POC matrix was examined by scanning electron microscope (SEM) analysis that
revealed the compactness. The thermal stability of polymer–clay nanocomposites was
determined by thermogravimetric analysis (TGA). The results of DSC/TGA measurements
revealed that the flame retardancy and thermal stability of POC/MMT clay nanocomposites
were considerably improved.
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HIGHLIGHTS

1 The load percentage of MMT clay in the nanocomposites had
changed the properties of polyorthochloroaniline.

2 The percentage of residue increased gradually by increasing the
amount of MMT clay.

3 Because of the MMT nanofiller, adding MMT clay to the
polymer improved thermal stability.

INTRODUCTION

Nanocomposite technology provides a malleable forum for the
investigation of novel nanomaterials with the intention of
unique characteristics and different purposes for advanced
applications and developments (Mishra and Militky, 2019).
The progress and development in the science and technology
field are at their peak. Human imagination and dreams
frequently conduce to the new science and technological
development. The outset of new technologies generally
effectuates new demands. Clay minerals are ample (Chang
et al., 2019), and said phyllosilicates belong to a family of
inorganic layered nanomaterials (Mousa et al., 2018). Due to
their complex and handy structures, they can be assembled

again congruously by ion exchange that has a high economic
value and a vast range of applications (Chang et al., 2019;
Cankaya et al., 2020). MMT clay is a well-liked runner in
polymer nanocomposites as a reinforcing nanofiller due to the
presence of outstanding properties such as nontoxic,
lightweight, inexpensive, large surface-to-volume ratio,
economic competitiveness, lofty stiffness, and high aspect
ratio (Xu et al., 2019). Conjugated polymer composites are
intriguing because they have the ability to combine features
that are difficult to achieve with individual components.

POC/MMT clay nanocomposites, among organic/inorganic
nanocomposites, are the most widespread and attractive due to
their distinctive properties in addition to inexpensive,
abundance, and attractive characteristics such as ion
exchange and great surface area properties and have ample
applications (Linganathan and Samuel, 2014a).
Montmorillonite fillers at nanoscale show signs of large
surface-to-volume ratio, so the thermal, electrical, dielectric,
optical, and thermal properties of polymers are modified
significantly (Linganathan et al., 2014). When nanoscale
fillers are used along with polymers, then the interaction is
awfully strong among polymer chains and nanofiller surfaces
due to expanding the surface area-to-volume ratio of
nanofillers. As the polymer–clay particle interface area is
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improved, polymer chains can be forced to wrap firmly upon
the nanofiller, and an interphase layer is created. This
interphase layer is responsible for the novel and fabulous
properties demonstrated by the polymer nanocomposites
(Choi et al., 2015). The orthochloroaniline is a substituted
derivative of aniline that has the chloro (–Cl) group substituted
at the ortho position. Poly (o-chloroaniline) shows some
unique and interesting properties. The POC polymer/MMT
clay nanocomposite is novel and unique because superlative
properties of MMT clay and polymer POC are combined to
open new doors for researchers (Rubilar et al., 2013). In the
literature, various polymer nanocomposites are reported in
which poly (o-chloroaniline) has been used (Padmaja and
Samuel, 2020). Some of them are POC/SiO2 (Gok and Sen,
2006), POC/red mud (RM) (Gok and Oguz, 2006), POC/CuS
(Saeed et al., 2014), POC/MMT clay, POC/Na-bentonite
(Linganathan and Samuel, 2014b), POC/Cu (Ahmad et al.,
2017), and POC/Cr (Ahmad M. N. et al., 2018). The objective
of this research work was to prepare nanocomposites with the
help of chemical polymerization, characterized by different

techniques, and study the properties of poly (o-chloroaniline)/
MMT clay nanocomposites.

MATERIALS AND METHODS

Materials
Montmorillonite (MMT) clay, 4,4 diaminodiphenylamine
(DDPA), ethanol, ammonium persulfate (APS),
orthochloroaniline, and distilled water were used in this study.
All the chemicals were purchased with perfect analytical grades
and utilized without further purifications.

Synthesis of Poly(o-Chloroaniline)
The chemical oxidative polymerization method was applied to
synthesize poly (o-chloroaniline). In this process, the
orthochloroaniline monomer was polymerized. For this
purpose, two solutions X and Y were prepared. Solution X was
prepared by mixing 0.255 g of orthochloroaniline/2-chlroaniline
(monomer) in 20 ml of 1 M HCl solution, and then 0.0255 g of

FIGURE 1 | Schematic illustration of the POC/MMT nanocomposite.

FIGURE 2 | Schematic diagram of polymerization of o-chloroaniline.
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DDPA was added into solution X. It was 10% of the weight of the
monomer. After that, solution Y was formed by mixing 0.456 g of
(NH4)2S2O8 (ammonium persulphate) into 20 ml of 1 M HCl.
The ratio of (NH4)2S2O8 to o-chlroaniline monomer was the
same (1:1). Solution X was put onto magnetic stirring in chilled
(ice) water, and the temperature of chilled water was maintained;
then, solution Y was added dropwise, and continuous agitation of
the mixture X was performed for 3 h. With time, the solution was
altered to bluish-green color, then agitating was stopped, and the
solution remained without interruption for a certain period. At
4,000 arpm, the solution was centrifuged and rinsed with 1 M
hydrochloric acid (HCl) after that by distilled H2O, land at the
end by ethanol. The resultant amount was spread out in a Petri
dish and kept in a microwave at 80–100°C overnight. Then, the
dried sample was collected in a powder form (Figures 1, 2).

Synthesis of POC/MMT Clay
Nanocomposites
Nanocomposites of poly (o-chloroaniline)/MMT clay were
synthesized according to a similar procedure as those
implemented for poly (o-chloroaniline) polymerization.
Montmorillonite (MMT) clay was added to the monomer
according to the desired percentage such as 1, 3, 5, 7, and 10%
at the time of polymerization. These percentages were made
according to the weight of 2-chloroaniline monomer. The
monomer (orthochloroaniline) was dissolved in 1 M HCl, then
DDPA was added, and after that MMT clay was dissolved in this
reaction mixture and sonicated for 15 min to get a homogeneous
mixture. After this, the solution was mixed with the help of a
magnetic stirrer constantly. Another solution was prepared by
dissolving APS into 20 ml of 1 M HCl and then this solution was
added into the first solution dropwise as an oxidant; then, the

mixture was kept on magnetic stirring for almost 3 h. The
temperature was upheld during the polymerization at 0–5°C.
The bluish-green color formation has demonstrated the
preparation of the reaction as the final product. By following
the aforementioned process, all the nanocomposites were formed
by changing (1, 3, 5, 7, and 10%) the amounts of filler MMT clay.
At last, the mixture was centrifuged and rinsed with distilled
water then ethanol. The resultant amounts were spread out in a
Petri plate and put in a microwave at 80–100°C overnight. Then,
the dried samples were collected in a powder form and
characterized.

Characterization
Characterization of the nanoparticles and nanocomposites was
set up by using Fourier transform infrared (FTIR) spectroscopy,
UV–visible spectroscopy, TGA, and scanning electron
microscopy (SEM). A variety of analytical instruments were
used to characterize the structure, properties, and morphology
of POC and POC/MMT clay nanocomposites. Ultraviolet–visible
spectra were found using a UV–visible spectrophotometer
(Varian Cary 50) in the scanning range of 200–800 nm at the
scanning rate of 400 nm/min. The spectrophotometer was set
with UV Winlab software to record and evaluate the data. The
baseline line correction was produced by distilled water in the
form of a blank reference. The scanning electron microscopic
images were found by using Hitachi S-4700 operating at 30 kV.
FTIR spectra were reported using a FTIR spectrometer (Impact
400, Nicolet, Waltham, and MA) by the KBr pellet technique in
the range of 400–4,000 cm−1. The thermogravimetric
characterization of nanocomposites and the organoclay were
performed on a SDT Q600 V20.9 Build 20. The samples have
an average mass of 2 mg and were subjected to heating up to
700°C at a heating rate of 10°C/min under nitrogen atmosphere.

FIGURE 3 | FTIR spectrum of pure POC.
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RESULTS AND DISCUSSION

FTIR Spectroscopy
The formation of poly (o-chloroaniline) was carried out using
a chemical-oxidative polymerization procedure. (NH4)2S2O8

behaved like an oxidant. After that, poly (o-chloroaniline)/
MMT nanocomposites were amalgamated by varying the
percentage of MMT clay (filler). The FTIR technique was
used to analyze POC/MMT clay nanocomposites, and
spectra were obtained. The FTIR technique was applied to
investigate the polymer that exhibited the vibration manners
in polymer and polymer-based nanocomposite samples
(Ahmad MN. et al., 2018). All the functional groups have
been known with the help of FTIR analysis (Kalotra and
Mehta, 2020). The FTIR spectrum of polymer and polymer-

based nanocomposites was reported, and the position of
emission and absorption bands was notified. At 1,200 cm−1

and 1,500 cm−1, the most prominent bands of the benzene ring
were shown. The presence of both these bands is a clear
indication of the formation of polymer and polymer
nanocomposites. In the pure spectrum of POC, the
strongest bands at 1,581 cm−1 and 1,515 cm−1 indicate the
existence of a quinonoid ring and benzenoid ring in the
polymer. The peak observed above 3,076 cm−1 indicates the
stretching vibrations of the N-H group, and the stretching
vibrational peak of aromatic C-N was there at 1,305 cm−1.

The chloro group located at the ortho position on the phenyl ring
in the polymer was specified by the signal at 748 cm−1, and two
important peaks appeared at 918 cm−1 and 833 cm−1 in the spectrum
due to out of plane bending vibrations of –CH in 1-, 2-, 4-

FIGURE 4 | FTIR (A) 1% POC/MMT (B) 3% POC/MMT (C) 5% POC/MMT (D) 7% POC/MMT (E) 10% POC/MMT.
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trisubstituted aromatic rings (Ahmad M. N. et al., 2018). By the
addition of the load percentage of MMT clay filler into the polymer
POC, the characteristics bands appeared due toMMT clay exposed at
1,038 cm−1 by Si–O–Si relation and ~800 cm−1 due to the vibrational
stretching of Al4+ tetrahedra in clay–polymer nanocomposites. It
proves the maintenance of the fundamental clay structure
(Linganathan and Samuel 2014a). The broad absorption bands at
1,350–750 cm−1 have four Si-O stretching modes of MMT clay
(Kazim et al., 2012). In MMT clay nanofiller in the polymer-

based nanocomposites, the peaks at 2,350–2,250 cm−1 showed the
coupling of MMT clay nanofiller with POC (Figure 3). The
frequency of -NH stretching of poly (o-chloroaniline) is studied at
3,035 cm−1 (Linganathan and Samuel 2014b).

The –NH stretching frequency which appears at 3,076 cm−1 in
pure POC is shifted to the low wavenumber in the spectra of
composites which verified that there is contact between POC and
nanofiller chains (Linganathan and Samuel 2014a). The value at
744 cm−1 was because of the –Cl group joined to the benzyl ring at the

FIGURE 5 | UV–vis of (A) pure POC, (B) 1% POC/MMT, (C) 3% POC/MMT, (D) 5% POC/MMT, (E) 7% POC/MMT, and (F) 10% POC/MMT.
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ortho position (Linganathan and Samuel 2014b). By the addition of
3% MMT clay filler into the polymer-based composite, the
crystallinity of the polymer is enhanced. The spectrum showed
that by adding 3% MMT clay nanofiller in the POC, the peak at
2,348 cm−1 showed the coupling of MMT clay nanofiller with POC.
The characteristic point of phenyl C-N stretching mode appeared at
1,297 cm−1, and the spectrum values at 810 cm−1 and 743 cm−1 were
for C-H out-of-plane bending vibrations of 1, 2, 4 trisubstituted aryl
rings (Linganathan and Samuel 2014a). When 5% MMT clay
nanofiller was added into the polymer, the bands were moved
toward lower values and became broader and deeper (Ahmad
MN. et al., 2018). FTIR spectra of 7% MMT clay added in poly
(o-chloroaniline) prepared by the chemical-oxidation method, the
strongest bands at 1,573 cm−1 and 1,494 cm−1 indicate the existence
of the quinonoid ring and benzenoid ring in the poly
(o-chloroaniline). The characteristic point of phenyl–CN
stretching mode appeared at 1,294 cm−1 (Figure 4). By increasing
the load percentage by 1% toward 10% increased the reactivity and
enhanced the crystallinity of the polymer. The characteristic point of
phenyl C-N stretching mode appeared at 1,297 cm−1 (Ahmad et al.,
2017). The formation of POC/MMT clay nanocomposites was
proved by the deviations and as well as illustrated the coordinate
covalent bond configuration between nanofiller and polymer chains
(Ahmad et al., 2017).

UV–Vis Absorption of POC and POC/MMT
Clay Nanocomposites
Ultraviolet–visible absorption of POC/MMT clay
nanocomposites was put down in the spectral range of

200–800 nm on the UV spectrophotometer using unionized
water in terms of reference solvent. Ultraviolet spectroscopy
revealed that POC and nanocomposites of POC/MMT clay
absorbed more than 90% of incident UV light (Ahmad et al.,
2017). The UV–Vis spectra of poly (o-chloroaniline) and
POC–MMT nanocomposites with various load percentages
(0, 1, 3, 5, 7, and 10%) of MMT clay were reported. It was
cleared from the pure polymer spectrum that the absorption
peak at 230 nm demonstrated π–π* transition by the benzene
ring and other 283 nm because of n–π* transition of the
quinonoid ring. It was illustrated that they slowly enhance
the intensities of the peaks by increasing the amount of
nanofiller. It was showed that pure polymer (POC)
demonstrated absorption at a lower wavelength than poly
(o-chloroaniline)/MMT nanocomposites and showed redshift
in poly (o-chloroaniline)-MMT clay nanocomposite, and the
presence of MMT clay in POC was implanted. By increasing the
mass of MMT clay, n–π* absorption bands become broad. This
demonstrated some sort of physical interaction between
polymer chains and nanofiller (Ahmad et al., 2017). The first
absorption band of π–π* has appeared at 243–245 nm is given to
the π–π* transition of the benzenoid ring based on earlier
studies on POC–MMT clay nanocomposites (Ibrahim, 2017)
because of the excitation of nitrogen in the benzenoid segments
π–π* transition (Gok and Sen, 2006).

The graph demonstrated UV–vis spectra of 1% MMT clay
added in poly (o-chloroaniline) formed by the chemical
oxidation process; the band at 245 nm showed π–π*
transition for the benzene ring, and it gradually shifted
toward 293 nm in POC/MMT clay. The graph showed the

FIGURE 6 | SEM images of (A) POC (pure), (B) POC/MMT (5%), and (C) POC/MMT (10%).
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UV–vis spectrum of 3% MMT into POC formed by chemical
oxidation method; the band at 245 nm demonstrated π–π*
transition for the benzene ring that shifted toward 285 and
339 nm range. The graph revealed 5% MMT-clay spectrum of
polymer–clay nanocomposite by UV–vis analysis, and the
same band at 245 nm showed π–π* transition due to the
benzenoid molecule steadily transferred toward n–π* at 293
and 380 nm range. The Graph opened the mystery of POC/
MMT clay nanocomposite which has 7% clay by using the

UV–vis technique, and the high band showed at 245 nm (π–π*
transition) turned toward n–π* at 293 and 332 nm range
(Figure 5). An increase in the percentage of MMT clay into
the POC polymer nanocomposite showed higher bands, and
the intensities of these bands were also increased. The most
prominent bands have been shown by UV–vis spectrum in
10% loading amount present in POC at 245 nm toward 293 nm
and then slightly increased band at 385 nm (Ahmad M. N.
et al., 2018).

FIGURE 7 | DSC–TGA of (A) pure POC, (B) POC/MMT 1%, and (C) POC/MMT 5%.
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SEM Images of POC and POC/MMT Clay
Nanocomposites
SEM surface analysis of pure POC and POC-MMT
nanocomposites by changing the percentages of clay (5% and
10%) is shown in Figure 6. Poly (o-chloroaniline) exhibits a
compact structure as it is evident with the help of the SEM image
of POC. POC/MMT clay nanocomposites illustrate this
compactness of polymer, but these have the appearance of
grains in the image. The aggregation of POC/MMT
nanocomposites becomes very clear by increasing the load %
of MMT clay added to the polymer. The SEM-magnified
micrograph image of pure POC and POC–MMT
nanocomposites of 500 µm was used to clarify the
compactness and composition of samples. The POC–MMT
nanocomposite with 5% nanoclay exhibited uniform
dispersion with POC (Ahmad MN. et al., 2018). The
compatibility between the POC polymer and MMT clay
nanofiller has an enormous impact on the properties of
POC/MMT clay nanocomposites (Narayanasamy et al., 2021).
By increasing the percentage load between 5–10%, more
prominent and attached nanocomposites were observed to the
surface of poly (o-chloroaniline) that was granular. The SEM
micrographs revealed that MMT clay was entrenched so deeply
into POC (polymer) (Ahmad M. N. et al., 2018).

TGA/DSC Analysis of POC and POC/MMT
Clay Nanocomposites
The thermal stability of the polymers under investigation is
checked using TGA/DSC (Abd El-Salam et al., 2020). Thermal
stability is a vital characteristic in favor of which the
morphology of the nanocomposites performs an imperative
role (Xiao et al., 2005). Two different types of analysis were
performed for determining the thermal stability of
nanocomposites (Mishra and Militky, 2019). TGA and DSC
are complementary thermal analysis methods that are
frequently employed mutually to get the utmost information
on the oxidation or combustion reactions (Sarathi, 1999). The
thermal properties of pure POC and its nanocomposites (POC/
MMT) are examined with the help of thermogravimetric
analysis (Xiao et al., 2005). TGA (thermogravimetric
analysis) is used to study the degradation of polymeric
materials in many cases that observed the loss of weight of
the product as a function of time, especially temperature. The
thermal stability can be improved by the addition of nanofiller
clay into the polymer matrix. It signifies a prospect to achieve
considerable enhancement in the thermal stability by using
only a little amount of MMT clay in the final product that is
extremely elegant and important in marketable reasons
because the products can be prepared cheaper, using easy
process, and are lightweight (Mattausch, 2015). In
comparison with the consequent pure POC, the results of
DSC/TGA measurements revealed that the flame retardancy
and thermal stability of POC/MMT clay nanocomposites were
considerably improved because of the occurrence of dispersed
MMT clay in the polymer matrix.

The thermogram of pure POC and POC/MMT
nanocomposites revealed that the first weight loss occurs due
to the removal of H2O molecules at 50°C and continuously up to
110°C. The next degradation temperature at 200 oC marked the
loss of HCl (Kongkaew et al., 2018), and then the rapid mass loss
occurs till 620°C. The decomposition of poly (o-chloroaniline) is
continuous up to 700°C (Linganathan et al., 2014) (Figure 7).
This thermogravimetric analysis indicates better thermal stability
of the POC nanocomposites than that of pure poly
(o-chloroaniline). It comes into view that the constancy and
strength of the inserted polymer are due to not only its
specific structure but also the steric factors that inhibit the
thermal motion of the sections sandwiched between MMT
clay layers (Nikolic et al., 2012). The enhanced thermal
stability of nanocomposites can be clarified by the supremacy
of the benzenoid structure. On the other hand, the low-grade
thermal stability of pure poly (o-chloroaniline) is because of the
existence of a quinonoid ring in its structure (Gupta et al., 2010).
Poly (o-chloroaniline) is continuously decomposed up to 700°C,
but in the case of POC/MMT clay nanocomposites, the complete
decomposition has not taken place ever after 700°C. Some
amount of char is seen in the decomposition of POC and
POC/MMT nanocomposites. This indicates that the existence
of -Cl has avoided the entire decomposition. By comparing poly
(o-chloroaniline) and poly (o-chloroaniline)/MMT clay
nanocomposites with different mass wt. demonstrates lower
weight loss. Poly (o-chloroaniline) has 50% residue, but poly
(o-chloroaniline)/MMT clay nanocomposites with 1 and 5% have
53 and 56% residues, respectively. In this present work, MMT
clay nanofiller enhanced the thermal stability of POC
nanocomposites. When the temperature is raised, the POC
polymer turned to decompose state but adding the MMT clay
into the polymer does not allow decomposition because of the
high thermal stability of the MMT nanofiller. The percentage of
residue increased gradually by increasing the amount of MMT
clay (Linganathan et al., 2014).

CONCLUSION

In the present research work, poly (o-chloroaniline) was
synthesized by the chemical oxidative polymerization of
o-chloroaniline in the first step. In the second step,
polymer–clay nanocomposites were prepared by a chemical
oxidative polymerization process with the existence of MMT-
clay. O-Chloroaniline was polymerized by using ammonium
persulphate that behaves like oxidants, and distilled water was
used as a solvent. Before starting the polymerization process,
nanoclay was dispersed to the monomer and then the mixture
was kept on the magnetic stirring to be constantly stirred for 3 h
at low temperature, and POC/MMT nanocomposite samples
were synthesized in the same way and changed the load
percentage (1, 3, 5, 7, and 10%) of MMT clay into the POC
polymer. MMT clay nanofiller in the polymer-based
nanocomposites showed the peaks at 2,350–2,250 cm−1, thus
showing the coupling of MMT clay nanofiller with POC. The
graph opened the mystery of POC/MMT clay nanocomposite
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which has 7% clay using the UV–vis technique, and the high band
showed at 245 nm (π-π* transition) turned toward n–π* at 293
and 332 nm range. By increasing the percentage load ranging
between 5–10%, then more prominent and attached
nanocomposites were observed to the surface of poly
(o-chloroaniline) that was granular. When the temperature is
raised, the POC polymer turned to decompose state but adding
the MMT clay into the polymer does not allow decomposition
because of the high thermal stability of the MMT nanofiller. The
percentage of residue increased gradually by increasing the
amount of MMT clay.
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