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Optical and Thermal Behaviors of Polyamide-Layered Silicate
Nanocomposites Based on 4,4’-Azodibenzoic Acid by Solution
Intercalation Technique
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Abstract. Two new samples of polyamide-
montmorillonite reinforced nanocomposites based on
4,4’-azodibenzoic acid were prepared by a convenient
solution intercalation technique. Polyamide (PA) 4 as a
source of polymer matrix was synthesized by the direct
polycondensation reaction of 4,4’-azodibenzoic acid 2
with 4,4’-diamino diphenyl sulfone 3 in the presence of
triphenyl phosphate (TPP), CaCl2, pyridine and N-methyl-
2-pyrrolidone (NMP). Morphology and structure of the
resulting PA-nanocomposite films 4a and 4b with 10
and 20 % silicate particles were characterized by FTIR
spectroscopy, X-ray diffraction (XRD) and scanning
electron microscopy (SEM). The effect of clay dispersion
and the interaction between clay and polymeric chains on
the properties of nanocomposite films were investigated
by using Uv-vis spectroscopy, thermogravimetric analysis
(TGA) and water uptake measurements.

Keywords. 4,4’-azodibenzoic acid, polyamide-
montmorillonite nanocomposite, optical and thermal prop-
erties.

1 Introduction

Polymer-clay nanocomposites typically exhibited mechan-
ical, thermal and gas barrier properties, which are supe-
rior to those of the corresponding pure polymers [1–6].
Unique properties of the nanocomposites are usually ob-
served when the ultra fine silicate layers are homogenously
dispersed throughout the polymer matrix at nanoscale. The
uniform dispersion of silicate layers is usually desirable for
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maximum reinforcement of the materials. Due to the in-
compatibility of hydrophilic layered silicates and hydropho-
bic polymer matrix, the individual nanolayers are not eas-
ily separated and dispersed in many polymers. For this
purpose, silicate layers are usually modified with an in-
tercalating agent to obtain organically modified clay prior
to use in nanocomposite formation [7–11]. Also aromatic
polyamides are one of the most important classes of high
performance polymers, because they posses excellent me-
chanical properties, thermal stability, chemical resistance
and low flammability and are good substitutes for ceram-
ics and metals in the automotive, aerospace, and micro-
electronic industries [12–14]. In this article two new PA-
nanocomposite films with 10 and 20 % silicate particles
containing 4,4’-azodibenzoic acid moiety in the main chain
were prepared by using a convenient solution intercalation
technique.

2 Experiments

2.1 Materials

4-Nitrobenzoic acid, glucose, 4,4’-diamino diphenyl sul-
fone, triphenyl phosphate (TPP), CaCl2, pyridine and N-
methyl-2-pyrrolidone (NMP) were purchased from Merck
Chemical Company and used without previous purification.

2.2 Measurements

Fourier transform infrared (FTIR) spectra were recorded
on Galaxy Series FTIR 5000 spectrophotometer (England).
UV-visible spectra were recorded at 298 K (25 °C) in the
250–700 nm spectral regions with a Perkin Elmer Lambda
15 spectrophotometer in NMP solution using cell lengths
of 1 cm. Thermal Gravimetric Analysis (TGA and DTG)
data were taken on a Mettler TA4000 System under N2
atmosphere at a rate of 10 °C/min. The morphology of
nanocomposite film was investigated on Cambridge S260
scanning electron microscope (SEM). X-ray diffraction
(XRD) were performed on Philips X-Pert (Cu-Ka radia-
tion, � D 0:15405 nm). The water absorption of PA-
nanocomposite films were carried out using a procedure un-
der ASTM D570–81 [15].
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2.3 Monomer Synthesis

4,4’-Aazodibenzoic acid 2 was prepared according to a typ-
ical procedure shown in scheme 1 [16].

2.4 Polymer Synthesis

Into a 100 mL round bottomed flask were placed a mix-
ture of 4,4’-azodibenzoic acid 2 (0.002 mol), 4,4’-diamino
diphenyl sulfone 3 (0.002 mol), 0.60 g of calcium chlo-
ride, 1.0 mL of triphenyl phosphite, 1.0 mL of pyridine and
4.0 mL NMP. The mixture was heated for 1 h at 333 K
(60 °C), 2 h at 363 K (90 °C) and then refluxed at 403 K
(130 °C) for 8 h until a viscous solution was formed. Then
it was cooled at room temperature and 30 mL of methanol
was added to reaction mixture. The precipitate was formed,
filtered off and washed with methanol. The resulting poly-
mer 4 was dried under vacuum. The inherent viscosity of
this soluble PA 4 was 0.45 dL=g.

2.5 PA-Nanocomposite Synthesis 4a and 4b

PA-nanocomposites 4a and 4b were produced by solu-
tion intercalation method, in two different amounts of
organoclay particles (10 and 20-mass %). The appro-
priate amounts of PA solution in N-methyl-2-pyrrolidone
(NMP) were mixed to yield particular nanocomposite con-
centrations. To control the dispersibility of organoclay in
polyamide matrix, constant stirring was applied at 298 K
(25 °C) for 24 h. Nanocomposite films were cast by pouring
the solutions for each concentration into Petri dishes placed
on a leveled surface followed by the evaporation of solvent
at 368 K (70 °C) for 12 h. Films were dried at 80 °C under
vacuum to a constant weight.

3 Results and Discussion

3.1 Polymer Synthesis

Polyamide 4 was synthesized by the direct solution poly-
condensation reaction of an equimolar mixture of diacid 2,
an equimolar mixture of diamine 3 by using triphenyl phos-
phate (TPP) and pyridine as condensing agents (Figure 1).
PA 4 was obtained in good yield (96 %) and inherent viscos-
ity (0.45 m3/kg). The structure of resulting polymer 4 was

Figure 1. Synthetic route of PA 4.

confirmed as PA by using FTIR spectroscopy and elemen-
tal analyses. The resulting polymer has absorption band at
1637 cm�1 due to amide carbonyl group. Also absorption
band of amide group appeared at 3412 cm�1 (N-H stretch-
ing). The elemental analysis value of the resulting polymer
was in good agreement with the calculated values for the
proposed structure.

3.2 PA-Nanocomposite Films Characterization

PA-nanocomposite films were transparent and yellowish
brown in color. The incorporation of organoclay changed
the color of films to dark yellowish brown. Moreover, a
decrease in the transparency was observed at higher clay
contents. FT-IR spectroscopy spectra of PA-nanocomposite
films 4a and 4b showed the characteristic absorption bands
of the Si-O and Mg-O moieties at 1038, 515 and 465 cm�1

respectively. The incorporation of organic groups in
PAnanocomposite films was confirmed by the presence of
peaks at 1770, 1720, 1380, 720 cm�1 (imide rings) and
1670 cm�1 (amide carbonyl group). Figure 2 shows the
XRD patterns of PA-nanocomposite films 5a and 5b con-
taining 10 and 20 mass % of silicate particles. These results
indicated significant expansion of the silicate layer after in-
sertion PA chains. The shift in the diffraction peaks PA-
nanocomposite films confirms that intercalation has been
taken place. This is direct evidence that PA-nanocomposites
have been formed as the nature of intercalating agent also
affects the organoclay dispersion in the polymer matrix. In
our PA- nanocomposite films there are coherent XRD signal
at 5.75° and 4.20° related to 10 and 20 mass % nanocom-
posite films respectively.

The surface morphology of the PA-nanocomposite films
prepared by solution intercalation technique is compared by
SEM analyses (Figure 3). The SEM images show that PA
matrix has a smooth morphology, where as the PA matrix
has amorph morphology. Also SEM micrographs of PA-
nanocomposite containing 10 and 20 mass % clay platelets
were uniformly distributed without agglomeration.

Optical clarity of PA-nanocomposite films containing 10
and 20 wt. % clay platelets and neat PA was compared
by Uv-vis spectroscopy in the region of 260–800 nm (Fig-
ure 4). These spectra show that the UV-visible region (260–
800 nm) is affected by the presence of the clay particles and

Figure 2. X-ray diffraction patterns of Organoclay (a), PA-
nanocomposite films 4a (b) and 4b (c).
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Polyimide T5 (°C)a T10 (°C)b Char Yieldc Water uptake (%)d

4 305 345 47 7.3

4a 320 370 51 5.5

4b 370 405 58 0.5
a,b Temperature at which 5 % and 10 % weight loss was recorded by
TGA at heating rate of 10 K/min in N2 respectively, c Percentage weight
of material left undecomposed after TGA analysis 873 K (600 °C),
d Percentage weight of material left undecomposed after TGA analysis
873 K (600 °C).

Table 1. Thermal behaviors and Water uptake of neat PA 4 and PA-nanocomposite films 4a & 4b.

Figure 3. Scanning electron micrographs of PA-
nanocomposite films 4a (a) and 4b (b).

Figure 4. Uv-vis spectra of PA 4, PA-nanocomposite films
4a and 4b.

exhibiting low transparency reflected to the primarily inter-
calated composites. Results show that the optical clarity
of PA-nanocomposite films are significantly lower than the
neat PA system.

The PA under investigation contains polar and cyclic
imide rings and also polar amide groups in the backbone
that have the tendency to uptake water through hydrogen
bonding. Thus water absorption measurements become
necessary for neat PA 5, PA-nanocomposite films 4a and
4b and data are shown in Table 1. In the water permeabil-

ity studies, we found that the incorporation of clay platelets
into PA matrix results in a decrease of water uptake relative
to pure PA by forming the tortuous path of water permeant.
Water permeability depends on length, orientation and de-
gree of delaminating of layered silicate [17]. It should be
noted that a further increase in clay concentration resulted
in an enhanced barrier property of nanocomposites which
may be attributed to the plate-like clays that effectively in-
crease the length of the diffusion pathways, as well as de-
creasing the water permeability.

3.3 Thermogravimetric Analysis

The thermal properties of PA-nanocomposite films contain-
ing 10 and 20 wt. % clay platelets and neat PA were inves-
tigated by using TGA and DTG in nitrogen atmosphere at
heating rate of 10 K/min, and thermal data are summarized
in Table 1 (Figure 5). These samples exhibited good re-
sistance to thermal decomposition, up to 573–648 K (300–
375 °C) in nitrogen, and began to decompose gradually

Figure 5. TGA thermograms of neat PA 4 and PA-
nanocomposite films 4a and 4.
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above this temperature. T5 for these polymers ranged from
300–375 °C and T10 for them ranged from 340–400 °C,
and residual weights at 873 K (600 °C) ranged from 46.0
and 55.0 % in nitrogen respectively. Incorporation of organ-
oclay into the PA matrix also enhanced the thermal stability
of the nanocomposites.

4 Conclusions

The PA-nanocomposites were successfully prepared us-
ing solution intercalation method. The structure and the
uniform dispersion of organoclay throughout the PA ma-
trix were confirmed by FTIR, XRD and SEM analyses.
The optical clarity and water absorption property of PA-
nanocomposites were decreased significantly by increas-
ing the organoclay contents in PA matrix. On the con-
trary the thermal stability of PA-nanocomposites was in-
creased significantly by increasing the organoclay contents
in PA matrix. The enhancements in the thermal stability of
the nanocomposites films 4a and 4b caused by introducing
organoclay may be due to the strong interactions between
polymeric matrix and organoclay generating well intercala-
tion and dispersion of clay platelets in the PA matrix.
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