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Preparation, Characterization and Photostability of Nanocomposite Films Based on 
Poly(acrylic acid) and Montmorillonite
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Polyacrylic acid (PAA)/clay mineral (SWy-1) nanocomposites were prepared by intercalation in 
solution and their photostability was evaluated. For the nanocomposite films containing 5, 10 and 20 wt 
% in SWy-1 mass occurred intercalation along with some clay exfoliation, while for PAA/30%SWy-1, 
the intercalation of  PAA chains into the clay interlayers was observed. Scanning Electron Microscopy 
(SEM) images of the films suggested that nanocomposite films are homogeneous, indicating efficient 
dispersion of the polymer matrix into the SWy-1 clay. The thermal degradation temperatures of 
depolymerisation for the nanocomposite films were higher (362-370 °C) than pure PAA (361 °C), 
which means that the presence of SWy-1 clay promotes thermal stabilization.The photooxidative 
degradation of pure PAA and nanocomposite films was followed using Size Exclusion Chromatography 
(SEC). The degradation rate constant for pure PAA was higher than nanocomposite films; therefore, 
the increase of SWy-1concentration detained the degradation of PAA. The presence of SWy-1 clay 
contributes for the photostabilization of the material. SWy-1 has ability to disperse the incident light 
as well as also to absorb part of the UV light instead of PAA, hence minimizing the degradation rate.
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1. Introduction
In recent years, polymer layered silicate nanocomposites 

have attracted attention in many fields, e.g., in industry 
exploitation and fundamental research1,2. These materials 
exhibit excellent mechanical and thermal properties, decrease 
in gas/vapor permeability, and reduced flammability in the 
presence of a small amount of the silicate, as compared with 
the polymer itself2-4.

Clay minerals are materials of natural origin, with particles 
smaller than 2µm. Among clays, montmorillonite (Mt) is 
one of the most commonly used and extensively studied 
of clay mineral polymer nanocomposites5,6. It pertains to 
the general family of  2:1 layered silicates made up of two 
silica tetrahedral sheets merged to an edge-shared octahedral 
sheet of magnesia or alumina. The stacking of these layers 
occurs in a parallel way, thus leading to a regular van der 
Waals gap between the layers called the interlayer region7,8.

Complementary to the aforementioned properties, Mt is 
also widely available and an inexpensive material. It presents 
a large swelling behavior due to its expanded surface area 
leading to potential strong interactions between polymer 
matrix and clay mineral. Thereby, the combination of all 
those characteristics results in intercalated and exfoliated 
structures of the clay mineral polymer nanocomposites9,10.

Poly(acrylic acid) (PAA) is a water soluble polymer 
and it belongs to a class of commercial polymers produced 
on a large scale and PAA has been used for applications in 
Cu(II) removal from aqueous solutions11,12, drug delivery 
applications13, as cleaning agents14 and medicine15,16.

The dispersion of the Mt in the polymeric matrix depends 
on the process used in the preparation of the nanocomposites, 
clay and polymer type, and the interaction between both 
(clay mineral and polymer)17.

The polymer materials photodegradation is a concern 
in their process and usage, even in polymer layered silicate 
nanocomposites, as a consequence, it has been a subject of 
studies18,19. Thus, it is necessary to gain a better understanding 
of degradation and stabilization to ensure long life for the 
product, since this process for this nanocomposite is poorly 
understood.

Herein, PAA nanocomposites with clay mineral were 
prepared by intercalation in solution and characterized by 
Fourier transform infrared spectroscopy (FTIR), X-ray 
diffraction (XRD), scanning electron microscopy (SEM) 
and thermogravimetric analysis (TGA). Furthermore, the 
photostability of clay mineral polymer nanocomposites films 
was studied, because it knows that load of polymer by layered 
filler changes the interactions into the polymeric matrix, 
which can affect nanocomposite resistance to UV radiation8.
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2. Materials and Methods

2.1 Materials

Poly(acrylic acid) was purchased from Sigma Aldrich. 
The SWy-1 montmorillonite was kindly supplied by Source 
Clays Repository of the Clay Minerals Society, University of 
Missouri, Columbia, MO. The Mt was purified as described 
earlier20.

2.2 Nanocomposite films preparation

A Poly(acrylic acid) aqueous solution of 1.0% (w/v) was 
prepared by dissolving 1.0 g of PAA powder in 100 mL of 
distilled water. SWy-1 Mt (SWy-1) dispersions were prepared 
by dispersing appropriate amounts of Mt into distilled water 
and both were vigorously stirring for 24 h.

Nanocomposite films with SWy-1 were made by mixing 
PAA aqueous solution with the right amounts of SWy-1 
dispersion based on PAA: 5 wt % (PAA/5%SWy-1), 10 wt 
% (PAA/10% SWy-1), 20 wt % (PAA/20% SWy-1) and 30 
wt % (PAA/30% SWy-1).

The mixtures were stirred continuously and then cast 
onto glass Petri dishes. The films were dried in an oven at 
37 ºC for 24 h and peeled from the glass Petri dishes. For 
comparison, the pure PAA films were prepared in the same way.

2.3 Characterization

The X-ray diffraction (XRD) was used to determine the 
structure of nanocomposite films using, a RigakuRotaflex 
- RU 200B diffractometer (Cu, radiation λ = 0.154 nm) at 
50 kV, 100 mA. The interlayer space of the samples was 
calculated using Bragg's equation21.

The surface morphology of nanocomposite films was 
examined by scanning electron microscopy (SEM) using 20 
keV energy ZEISS LEO 440 equipment with an OXFORD 
20 kV detector at 2.7 x 10-6 torr.

The TGA curves for PAA and nanocomposite films were 
obtained in a SDT-Q 600 TG/DTA simultaneous module (TA 
Instruments, Shimadzu). The curves were obtained under a 
dynamic air atmosphere and heated from 25 °C to 1000 °C at 
a heating rate of 10 °C/min. The thermal measurements were 
carried out under air atmosphere with flow rate of 60 mL min-1.

2.4 Photodegradation of nanocomposite films by 
UV Irradiation

Nanocomposite films were exposed at 40 ºC in an 
irradiation chamber containing 16 UV germicidal lamps, 
emitting light predominantly at 254 nm. The SPR-01 
Spectroradiometer (Luzchem) was used to measure the 
emission of the lamp. The emission spectrum of the lamps 
is presented in Figure 1, along with the UV-vis spectra of 
SWy-1, PAA and nanocomposite films. The absorption of 
SWy-1 at 241 nm is attributed to a charge transfer transition 
from (Fe+3) located in the Mt layers22.

Figure 1. Emission spectra of irradiating lamp and absorption 
spectra of SWy-1, PAA and nanocomposite films

Photodegradation was monitored by Fourier transform 
infrared spectroscopy, FTIR spectra were recorded using 
a Perkin-Elmer Frontier spectrometer using a universal 
attenuated total reflectance (ATR) sampling accessory. All 
spectra were recorded in absorption mode at 1 cm-1 intervals 
and 32 scans.

Size exclusion chromatography (SEC) was performed 
at 35 °C on a Shimadzu LC-20 AD chromatographic system 
with a Shimadzu RID-10A refractive index detector, using 
three OHpak KB-806M columns, narrow-distribution PEO 
standards were used for calibration. Irradiated film samples 
were dissolved in sodium nitrate solution 0.1 mol L-1 and 
aliquots (2 mL) were filtered through 0.45 µm membranes 
before analysis. The same solution was used as the eluent 
at a flow rate of 1 mL min-1.

3. Results and Discussion

3.1 Characterization of nanocomposite films

The XRD patterns were used to calculate the d001-
value and to study the structure of the nanocomposite with 
different amounts of SWy-1. Figure 2 shows the results 
of XRD for PAA, SWy-1 and nanocomposite films. The 
polymer incorporation in the SWy-1 dispersion shifted 
the 001 reflection peak from 7.5° to 4.3 - 4.6°, suggesting 
the occurrence of intercalation (PAA molecules may enter 
between silicate layers) for all concentrations of SWy-1. 
And this main peak in the XRD pattern of SWy-1 (2θ ~ 7.5 
°) corresponds to an interlayer distance of 11.8 Å and it is 
attributed to the formation of interlayer spaces by regular 
stacking of the silicate layers along the [001] direction12,23,24.

For the nanocomposite films containing 5, 10 and 20 wt % 
in SWy-1 mass, there is a lower and wider 001 reflection peak 
than pure SWy-1, indicating the occurrence of intercalation 
along with some clay exfoliation18,25
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Figure 2. X-ray diffraction for SWy-1 clay, PAA and nanocomposite 
films.

On the other hand, the 001 reflection peak for 
PAA/30%SWy-1 has been shifted toward lower angles, 
which is an indication of the lower regularity and large 
basal spacing as a result of the intercalation of PAA chains 
into the clay galleries26.

Figure 3 presents FTIR-ATR spectra of PAA, SWy-1 
and PAA/5%SWy-1 nanocomposite film. SWy-1 spectrum 
shows characteristic band at 3626 cm-1 due to a hydroxyl 
group bound with Al3+ cations27. The stretching and bending 
vibrations of O-H of water molecules present in the clay 
are observed at 3422 and 1638 cm-1, respectively. The most 
intensive and narrow band is noticed at 996 cm-1 and it is 
attributed to Si-O stretching vibrations. The three bands 
below 996 cm-1 originate from bending vibrations of AlAlOH 
(914 cm-1), AlFeOH (884 cm-1) and AlMgOH (798 cm-1)27,28. 
The typical structure of PAA exhibits a broad absorption 
band at 3056 cm-1 due to the -OH stretching vibration, it 
has a characteristic band at 1700 cm-1 attributed to C=O 
stretching. The band at 1200-1315 cm-1 is related to the C-O 
stretch. The band at 1395-1450 cm-1 is assigned to C-O-H 
deformation vibration. Absorption band at 792 cm-1 is due to 
out-of-plane OH...O deformation, indicating the existence of 
strong inter-chain hydrogen bonds29,30. FTIR-ATR spectrum 
of PAA/5%SWy-1 is the combination of the characteristics 
bands of the spectra of both components, the band at 1700 
cm-1 is connected with the stretching vibrations of C = O in 
carboxyl group. Absorption maxima at 1450 and 1412 cm-1 
are characteristic of asymmetric and symmetric stretching 
vibrations of C - O bonds in carboxyl groups.

Figure 4 shows SEM images of the films (PAA/10%SWy-1 
and PAA/30%SWy-1) and these images suggest that 
nanocomposite films are homogeneous, indicating efficient 
dispersion of the polymer matrix into the SWy-1 clay. Most 
of separate and flat clay platelets are dispersed uniformly on 

Figure 3. FTIR-ATR spectra of SWy-1, PAA and PAA/5%SWy-1 
nanocomposite film.

the surface of the film. The amount of SWy-1 particles on the 
surface of the PAA/30%SWy-1 is more than PAA/10%SWy-1 
nanocomposite film. In addition, the image of cross section 
(Figure 4c) shows the thickness of the films was 65 to 70 µm.

For estimation of thermal stability, all samples were 
subjected thermogravimetric analysis at air atmosphere. 
The results obtained for PAA and nanocomposite films are 
presented in Figure 5. The PAA thermal degradation process 
is divided in several stages28,29. The first stage (70-173 °C) is 
the removal of the water physically absorbed. In the second 
stage (173-310 °C), the carboxyl side groups underwent 
decomposition. The third stage (310-410 °C) resulted in 
oxidation of carbon backbone chains (depolymerization). 
A further increase in temperature only H2O and CO2 are 
released, indicating the complete oxidation.

The thermal degradation temperatures in the third stage 
for the nanocomposite films were higher (362-370 °C) than 
pure PAA (361 °C), which means that the presence of SWy-1 
clay shifted the depolymerization process (third step) toward 
a higher temperature indicating the nanocomposites are more 
thermally stable when compared to PAA itself.

3.2 Photodegradation of nanocomposite films

PAA and nanocomposite films were irradiated with UV 
light up to 192 h at 40 °C. UV irradiation of PAA/SWy-1 
films causes significant changes in FTIR spectra, which are 
presented in Figure 6.

For the qualitative evaluation of nanocomposites 
photodegradation, the carbonyl band (1600-1800 cm-1) was 
applied. This band undergoes broadening during irradiation, 
but absorbance maximum (1698 cm-1) decreases. This is 
the evidence of the occurrence of two opposite reactions: 
abstraction (or destruction) of carboxylic groups and macrochain 
oxidation leading to the formation of a new type of carbonyl 
groups in the film26,30. The general mechanism for leading 
to the destruction of this group during the photodegradation 
of PAA is shown schematically in Figure 731.
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Figure 4. SEM images of (a) PAA/10%SWy-1 and (b) PAA/30%SWy-1, transversal section of the nanocomposite film (c) PAA/30%SWy-1.

Figure 5. TGA and DTG curves for PAA and nanocomposite films.

Figure 6. FTIR-ATR spectra of PAA/30%SWy-1 nanocomposite 
film as a function of irradiation time.

Figure 7. Schematic showing the photodegradation of pure PAA31
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The photooxidative degradation of pure PAA and 
nanocomposite films was followed using SEC.

According to Kaczmarek et al., the radicals formed during 
UV irradiation of  PAA may interact with the polysaccharide 
chain, resulting in its rupture, COOH abstraction and may 
interact with other radicals to form crosslinks between chain30.

Molecular weight (Mw) of the nanocomposite films 
decreased after 12 h of irradiation (Figure 8). SEC results 
suggested that PAA and nanocomposite films degrade by 
random chain scissions32.

Figure 8. Decrease in molecular weight (Mw) during photodegradation 
of PAA and nanocomposite films.

Marimuthu and Madras (2007) proposed a model for 
polymer degradation in which it is possible to determine 
the degradation rate constant kd

33. This constant is obtained 
using a variation of number-average molecular weight (Mn) 
with time (Equation 1).

            (1)

The plot of the (Mn) behaviour for all samples as a function 
of irradiation time was presented in Figure 9, from the initial 
slopes of curves (Figure 9b) was determined the degradation 
rate constants, kd, and the values are shown in Table 1.
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Figure 9. (a) Variation of [Mn(0)/Mn(t)]- 1 as a function of irradiation 
time for chitosan and nanocomposite films; (b) blow up of the 
initial times.

Table 1. Initial Number Average Molecular Weights and photodegradation 
rates of PAA and nanocomposite films.

Samples Mn kd(10-7mol g-1n-1)

PAA 156,000 29.0

PAA/5%SWy-1 156,800 7.3

PAA/10%SWy-1 173,000 9.3

PAA/20%SWy-1 116,200 4.7

PAA/30%SWy-1 126,800 1.3

The degradation rate constant for pure PAA was up to 
22 times higher in relation to the nanocomposite with 30 
wt % of SWy-1 content; therefore, the increase of SWy-1 
concentration detained the degradation of PAA.

Owing to the degradation rate, the SWy-1 might be 
considered as stabilizer against UV irradiation. Thereby, this 
stabilization can be explained by SWy-1 ability to disperse the 
incident light in addition to its absorbtion part of the UV light 
instead of PAA, hence minimizing the degradation rate18,34.

Some studies in the literature describe the stabilization 
of polymer degradation promoted by clay mineral. This 
behavior was observed for nanocomposite degradation of 
PEO/clay, PVC/laponite and chitosans/montmorillonite8,18,35.

SEC results indicated that the amount of Mt in the 
nanocomposite influenced the material's photostability.

4. Conclusions

PAA/clay nanocomposites present exfoliated and/or 
intercalated structures depending the amount of clay used. 
The nanocomposite films presented a homogeneous surface as 
it was shown by SEM images. Moreover, the nanocomposite 
films demonstrated an enhanced thermal stability compared 
to the pure polymer.

The presence of clay detains the fast photo-oxidation of 
the nanocomposites and decreases the main chain scission 
process. The degradation rate constant for pure PAA was 
up to 22 times larger in relation to the nanocomposite with 
higher amount of SWy-1. Thus, the presence of SWy-1 
clay contributes for the photostabilization of material.
SWy-1 has ability to disperse the incident light as well as 
also to absorb part of the UV light instead of PAA. Such 
evidence bolsters the effect of SWy-1 in the stabilization 
against UV irradiation.
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