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Abstract
This work focuses on the preparation and characterization of polystyrene/organo-
clay nanocomposites. The effects of the nature of the organoclays and the method 
of preparation were studied in order to evaluate their morphological, thermal and 
mechanical properties. X-ray diffraction (SAXS), Fourier transform infrared spec-
troscopy (FTIR), thermogravimetric analysis (TGA), scanning and transmission 
electron microscopy (SEM, TEM), atomic force microscope (AFM) were used to 
determine the characteristics of the resulting materials. Initially, cetyltrimethyl-
ammonium bromide was used as an organomodifier to modify the clay to form an 
organic clay. After that, polystyrene/organoclay nanocomposites were synthesized 
by an in situ mass polymerization process in which styrene was polymerized in the 
presence of different proportions of organoclay ranging from 1 to 15% by weight. 
The results obtained confirm the intercalation of cetyltrimethylammonium bromide 
(CTA) surfactant in the clay layers, while the nanocomposites obtained showed 
morphologies in which the exfoliated forms were obtained. Nanocomposites showed 
a significant improvement in thermal stability compared to unmodified polystyrene. 
The highlighting of the modification was examined by mechanical tests (shock, trac-
tion). The Charpy impact test showed an increase in impact resilience, and this is 
mainly due to a better interfacial adhesion of the matrix. The tensile test showed an 
improvement in stiffness.

Graphic abstract
The preparation of polystyrene–clay nanocomposites containing various amounts of 
organoclays ranging from 1 to 15% using the mass polymerization technique has 
shown the positive effect of the introduction of a cetyltrimethylammonium bromide 
surfactant chain on the thermal stability of the nanocomposites. Exfoliated morphol-
ogies were obtained for the majority of the prepared nanocomposites. A structure, 
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surface and thermal property relationship was established based on TGA, XRD and 
TEM/SEM analyses.

Keywords  Nanocomposites · Montmorillonite · Cetyltrimethylammonium bromide · 
In situ polymerization · Characterization · Thermogravimetric analysis (TGA) · 
X-ray diffraction (SAXS)

Abbreviations
PS	� Polystyrene
PSNC	� Polystyrene/maghnite–CTA nanocomposites
C	� Molar concentration (Mol L-1)
T	� Temperature (°C)
T	� Time (S)
TGA​	� Thermogravimetric analysis
FTIR	� Infrared

Introduction

Recent advances in materials technology have fostered the development of various 
preparation strategies and applications of new polymer–clay nanocomposites. Sev-
eral synthesis pathways have resulted in new nanocomposites with properties that 
have been successfully incorporated into various application areas. Nanocomposites 
have attracted great interest as promising advanced materials due to their superior 
properties compared to conventional polymers [1, 2], such as density, high resist-
ance to surface treatment, high modulus of elasticity, nonflammability and thermo-
mechanical/optoelectronic/magnetic properties [3–5]. Indeed, the use of a polymer 
matrix by adding a well-defined percentage of clay as reinforcement leads to the 
improvement in the physicochemical properties of the resulting nanocomposite and 
increase in the biodegradability of the polymer [6–10]. All these improvements 
depend on several parameters such as clay distribution (dimensions, shape factor, 
exfoliation …) and polymer–clay interaction [7]. The improved properties of poly-
mer–clay nanocomposites can be explained by the special properties of clays, such 
as swelling and ion exchange, but also by their structural nature [11]. Their two-
dimensional structures in lamellar form and their electronegative colloidal charge 
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make them the compounds of choice for various organic molecules, including cati-
onic surfactant molecules. The resulting hybrid materials are used in various fields 
such as adsorption, barrier applications and supports for the development of nano-
composites [12]. Polystyrene (PS) belongs to the group of standard thermoplastics, 
which also include polyethylene, polypropylene and polyvinyl chloride. Due to its 
special properties, PS can be used in a very wide range of applications. It is a ver-
satile polymer with the following main characteristics: transparency, simplicity of 
colouring and processing and low cost [13]. The objective of this work is to prepare 
new polystyrene–clay nanocomposites, and we are interested in the realization of 
polystyrene–clay nanocomposites reinforced by the organically modified maghnite. 
The technique used to incorporate the modified maghnite into the polymer is polym-
erization in situ by intercalation of polymers in interfoliar galleries. In situ polym-
erization is widely used in the preparation of polymer-based nanocomposites, which 
tends to favour the formation of exfoliated structures. Indeed, this mode is based 
on the dispersion of the monomer in the clay and then its polymerization allows a 
better dispersion of the clay in the polymer obtained. Initially, montmorillonite is 
organically modified by cation exchange with the cetyltrimethylammonium bromide 
molecule, in order to make it organophilic. This step promotes the insertion of the 
organic polymers into the interpolar galleries. The method of preparation of nano-
composites is a very important parameter that has a direct impact on the structural, 
thermal and mechanical properties of the materials obtained.

Experimental

Materials

(S) styrene (Reagent Plus, ≥ 99%) was supplied by BASF, and the cetyltrimethyl-
ammonium bromide noted CTA [N(CH3)3(C16H33)] Br is 99% purity and was 
purchased from Sigma-Aldrich and used as received. Maghnite belonging to the 
montmorillonite family has an interlayer space of 10 Å in its raw state and a cation 
exchange capacity CEC = 90 meq/100 g [14].

Preparation of maghnite–Na+

Sodium ions are often chosen as compensating ions because they are more eas-
ily hydrated and promote the swelling and dispersion of montmorillonite in water. 
A mass of raw maghnite (10  g) is placed in a volume of distilled water (40  ml), 
and this mixture is left in suspension under magnetic stirring and at room tempera-
ture for 2 h. After two hours, a volume (60 ml) of sodium chloride solution (NaCl, 
0.2 M) is added to the previous mixture and left to stir for 48 h. After this time, the 
maghnite–Na+ is filtered and washed several times with distilled water to eliminate 
Cl− ions. After filtration, the maghnite–Na+ is dried in the oven for 24 h at a tem-
perature of 105 °C, and it is then finely ground and stored in a dry place [15, 16].



3512	 Polymer Bulletin (2021) 78:3509–3526

1 3

Organic modification of clay

Our montmorillonite has been prepared and modified according to Loïc Lepluart’s 
protocol [17]. A quantity of 10 ml of 1 N hydrochloric acid was introduced into a 
one-litre volumetric flask, and then the volume was filled with distilled water. Then, 
the solution obtained was poured into a conical flask equipped with a magnetic stir-
rer; this acid solution is placed at a temperature of 80 °C used for optimized pro-
cesses on a heated magnetic stirrer. When the temperature became stable, 10–2 mol 
of cetyltrimethylammonium bromide was introduced into the mixture. After three 
hours of agitation at 80 °C, the amine is dissolved and ionized. Then, 5 g of sodium 
maghnite has been added. After three hours of cation exchange, the modified magh-
nite was recovered and rinsed six times in a row with distilled water at 80  °C to 
remove mineral cations. The effectiveness of the rinsing was verified by adding a 
few drops of silver nitrate to the residue. Physisorbed alkylammonium ions were 
removed by a mixture of water and ethanol, previously heated to 75 °C. The organo-
philic maghnite obtained was then dried at 120 °C and ground. This is called magh-
nite–CTA throughout this study [18].

Composites preparation

The bulk polymerization process used for the preparation of modified polysty-
rene–clay nanocomposites is based on previous work described in the literature [19, 
20]. Different polystyrene–clay nanocomposites have been prepared using various 
amounts of modified clays corresponding to 1, 3, 5, 10 and 15% by weight based 
on the initial amount of styrene. Clay-free polystyrene was also prepared under 
the same conditions as standard. Each tube contained a mixture of 10.0  g of sty-
rene and an amount of maghnite–CTA (1, 3, 5, 10 and 15%); the tubes were purged 
with nitrogen for 20 min and polymerized in an oil bath at 70 °C for 72 h to obtain 
polystyrene nanocomposites (PSNC). The nanocomposites will then be denoted as 
PSNC1, PSNC3, PSNC5, PSNC10 and PSNC15 according to their containing clay 
[21].

Characterization

The small-angle X-ray diffraction apparatus (SAXS) consists of an X-ray source 
with a wavelength of = 0.1371 nm (Bruker-D8 advance AXS, 40 kV, 40 KA). The 
infrared spectra were drawn on a Perkin Elmer IR TWO spectrophotometer equipped 
with an ATR, in the range 400–4000 cm−1. The thermogravimetry (TG) technique 
was also used, by means of TGA 51 Shimadzu equipment, operating at a heating 
rate of 25 °C min–1, from room temperature up to 900 °C under an air atmosphere 
with a flow rate of 50 mL min–1. The sample mass was 5.0 ± 0.5 mg. Scanning elec-
tron microscopy (SEM) is an electron microscopy technique based on the princi-
ple of electron–matter interactions JEOL JSM-6340F. The phase morphologies of 
the nanocomposites were thus observed with the transmission electron microscope 
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(TEM), Philips CM 120, operating at an accelerating voltage of 120 kV. The topo-
graphic study of surfaces generally allows extracting information on the growth of 
thin films and especially of oxide layers. The near-field microscope “JSPM-4200” is 
calibrated in contact or tapping mode, according to the standard called the reference 
standard or metal grid, and using the magneto-optical Kerr effect. Remember that 
there is often a problem of resolution in atomic force microscopy (AFM), because 
of the size of the probe. The Charpy impact test was performed on a Zwick/Roell 
machine with a sheep7.5  J free-fall pendulum, on samples of 15 mm2 cross sec-
tion. For each sample, five tests were performed to determine an average value of 
the impact resistance. The tensile tests were carried out on a Zwick/Z010 machine; 
this dynamometer connected to an acquisition chain allows the simultaneous record-
ing of time, load displacement and deformation. The information is stored and pro-
cessed by computer using TestXpert V 9.01 software, using five test specimens for 
each dumbbell-shaped sample in accordance with ASTMD 638-II. The deformation 
rate v is between 1 and 50 mm/min).

Results and discussion

This simple analysis technique allows us to easily highlight the presence of sur-
factant molecules in the montmorillonite gallery, based on the comparison of the 
different absorption bands of functional groups present in the clay before and 
after its modification. The spectra of the organophilic maghnites (Mag–CTA) 
show the appearance of new peaks that indicate the insertion of alkylamines in 
the interleaving galleries of our clays. The analysis of these spectra shows the 
main absorption bands of the vibration modes of the different functional groups. 
An absorption band centred on 3620 cm−1 is due to the valence vibrations of the 
OH groups linked to the octahedral cations Al(Al–OH–Al) [22] and the band at 
3440  cm−1 which is due to the OH–Fe+3 valence vibrations which widens the 
adsorption band. The band centred at 1642  cm−1 is attributed to the H–O–H 
deformation vibrations of water molecules. The adsorption bands from 1000 to 
500 cm−1 are attributed to the valence and deformation vibrations of octahedral 
ions substituted for hydroxyl groups and the intense band observed at 1030 cm−1 
which corresponds to the valence vibrations of the Si–O bond in the plane [23]. 
The bands centred at 915, 865, 792, 624, 520 cm−1 are attributed, respectively, 
to the deformation vibrations of the Al–OH–AL, Si–O–Al/Al–OH–Mg, cristo-
balite, Si–O–Mg and Mg–OH bonds [24]. Figure  1 shows the FTIR spectra of 
the welded maghnites; examination of these spectra shows: as in the maghnite 
spectrum, there are two bands characteristic of the valence vibrations of the OH 
groups of the octahedral layer (3626 cm−1) and the OH–Fe+3 valence vibrations 
(3445  cm−1): the characteristic band with H–O–H deformation vibrations of 
water molecules (1637 cm−1) and the band corresponding to the valence vibra-
tions of the Si–O bond (located between 1000 and 500 cm−1 and centred around 
1034 cm−1). The spectrum of sodium montmorillonite also illustrates character-
istic bands to the deformation vibrations related to substitutions in the octahe-
dral layer (between 920 and 525  cm−1). The spectra of organophilic maghnite 
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(Mag–CTA) show the appearance of new peaks that indicate the insertion of 
alkylamines into the interfoliary galleries of our clays. These peaks are attributed 
to the valence and deformation vibrations of the different alkylamine groups. This 
band is slightly shifted (Fig.  1) and may be due to an interaction between the 
carbonyl function of the surfactant and the clay surface and more probably via 
the establishment of hydrogen bonds with hydroxyl groups located at the extreme 
surface of the clay. These vibration modes are CH2 valence vibrations between 
2950 and 2850 cm−1, shear vibrations between 1470 and 1450 cm−1 and swing 
vibrations between 600 and 650 cm−1; this indicates that the organic group is pre-
sent with maghnite [25]. All the FTIR spectra of the prepared organoclays con-
firm the incorporation of surfactants into the clay.

The different characteristic bands and their attributions are grouped in Table 1.
The FTIR spectra of the nanocomposites obtained by mass polymerization are 

almost identical and contain both the characteristic absorption bands of polystyrene 
and modified clay (Fig. 2). The different characteristic bands of PS, PS/Mag–Na+ 
and PS/Mag–CTA and their allocations are grouped in Table  1. The absorption 

Fig. 1   Infrared spectrum of raw maghnite, Mag-Na+ and Mag–CTA​

Table 1   FTIR bands characteristic of PS and PS/Mag–Na+ and PS/maghnite nanocomposite containing 
3 wt % clay

Functional groups Frequency (cm−1) PS Frequency (cm−1) PS/
Mag–Na+

Frequency 
(cm−1) PS/Mag–
CTA​+

Al–O 615 635
Si–O 460, 525, 1035 462, 522, 1032
–CH2 1440, 1490 1460–1491 1450, 1482
C=C 1761–1940 1725–1966 1731–1947
C–H 2843, 2932 2940, 3045 2851, 2924
O–H 1668, 3453, 3655 1665, 3476, 3618
Ar–H 3025, 3060, 3083 3015, 3030, 3060 1666, 3450, 3635
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bands characterizing the Mag–CTA and PS groups are present in the spectrum of 
PS nanocomposites such that the absorption band of the C–H range of the –CH3 end 
groups appears between 2843 and 2949 cm−1 and that of the CH2 groups of PS and 
Mag–CTA appears between 1450 and 1482 cm−1. The 3622 cm−1 band character-
izing the free OH groups of the octahedral layers of Mag–CTA disappears in the 
PSNC nanocomposite, showing that interactions between PS and Mag–CTA chains 
are possible. This confirms the incorporation of CTA clay in polystyrene matrices.

The basal spacings (interlayer distance) of the raw clay (Mag), clay treated with 
NaCl (Mag–Na+), organophilic montmorillonite (Mag–CTA​+) and their nanocom-
posites with PS were obtained from the peak position of the XRD pattern. The inter-
foliar distance of Mag−Na+ increased from 12.27 to 33.53 Å for the prepared Mag-
CTA, which corresponds to a bimodal profile, centred on two values of 19.27 Å and 
33.53 Å (Fig. 3). The high relative peak intensity in the (001) plane is due to a nar-
rower distribution of the interlamellar spacing when the CTA ions are incorporated 
into the clay sheets. Several (00l) basal reflections can be observed, corresponding 
to the crystallographic planes of the clay layer (110) and (020) [26] and its position 
being independent of the basal spacing.

Mass polymerization has shown that this mode of synthesis seems to favour the 
exfoliated morphology with the exception of PSNC15% nanocomposites, which will 
lead to an intercalated structure (presence of a peak at 2θ = 5.88°). The basal reflec-
tion (001) of the Mag-CTA has totally disappeared. Figure 4 shows the SAXS spec-
tra of PSNC nanocomposites obtained by adding different percentages by weight of 
modified clay to styrene, while 1 and 10% nanocomposites give exfoliated morphol-
ogies (Table 2). The PSNC15% nanocomposite tends to have a morphology interca-
lated with a slight displacement of the basal distance of 2θ = 5.8° smaller compared 
to the organoclay used (2θ = 5.2°). This result indicates that the clay has kept its 
orderly state with a small amount of polystyrene between the layers of the clay. This 
effect has already been noted during the intercalation of polymerizable surfactants 
in clay and has been explained by a “pinning” effect of the clay layers following the 

Fig. 2   Infrared spectrum of PS, 
PS/Mag-Na+ and PSNC



3516	 Polymer Bulletin (2021) 78:3509–3526

1 3

Fig. 3   Patterns of the maghnite–Na+, maghnite–CTA​

Fig. 4   XRD spectra of PS/maghnite–CTA nanocomposites at (1, 3, 10 and 15%)

Table 2   Morphology of 
nanocomposites PS/Mag-CTA​+

Nanocomposites Morphology of nanocom-
posite

d001 (A°)

Mag–CTA​+ 33.53
PPON1C1% Exfoliated –
PPON1C3% Exfoliated –
PPON1C5% Exfoliated –
PPON1C10% Exfoliated –
PPON1C15% Intercalated 34, 6
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reaction of growing polystyrene chains with several polymerizable surfactant mol-
ecules present on the surface of the clay, which induces a narrowing of the lamellar 
structure and thus a slight decrease in the basal space while maintaining the ordered 
structure of the clay [27–29]. The 10% composite has an intermediate behaviour; 
in fact, its DRX diffractometer has a broad peak towards 2θ = 3.5°, which can be 
interpreted either by partial exfoliation or by a disorder in the tactoids of clay [30]. 
Note that for 10 and 15% nanocomposites, there is a small peak at 2θ = 2.1° which 
corresponds to the presence of small occasional tactoids. This behaviour is often 
observed when using long-chain alkyl surfactants as clay modifiers [31].

Transmission electron microscopy is the most widely used qualitative technique 
for the characterization of polymer–clay nanocomposite dispersions. Figure 5a, b, 
c of the PSNC% nanocomposites shows a degree of disorder in the morphology of 
the clay. The dark lines correspond to the silicate monolayers, and the clay platelets 
are separated from each other, which is in favour of an exfoliated structure. The sili-
cate nanoplaquettes are oriented more or less parallel to each other but are separated 
enough from each other so that they do not interact. The TEM image of the PSNC 
15% nanocomposite (d) shows an intercalated morphology, which corresponds to 
the results found by DRX with the presence of small tactoids. Indeed, in addition to 
the exfoliated nanoplaquettes, we note the presence of some aggregates.

Figure  6 shows the SEM images obtained for the nanocomposites PSNC1%, 
PSNC3%, PSNC5% PSNC7%. The micrographs of the PSNC nanocomposite show 

Fig. 5   TEM images of: a PSNC1 (exfoliated), b PSNC5 (exfoliated), PSNC10 (exfoliated) and d PSNC5 
(intercalated)
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the presence of tortuous fissure propagation lines leading to a porous appearance, and 
comparison of the images shows that as the amount of organoclay dispersed in the PS 
matrix increases, the appearance of the nanocomposite becomes more irregular and 
porous. It has been described in the literature that when silicate polymers are well dis-
persed, many nonlinear cracks are formed and tend to develop until they interfere with 
each other [32]. Stresses at the ends of fracture lines interact with each other and hin-
der the growth of these stresses. Since the strength of the polymeric material is closely 
related to crack formation at the molecular level, the greater the number of these tortu-
ous cracks during the failure process, the more energy will have to be absorbed to break 
the material.

The AFM characterization also gives the value of the RMS (root-mean-square) 
roughness and the average roughness Ra of the surface of each layer analysed. These 
two roughnesses are given by the relationships V.1 and V.2. 

The RMS roughness is the average of the distance differences between the alti-
tude z of each point and the average altitude of the line. The average roughness is 
given by: 

(V.1)RMS =

�∑
ij(Zij − ⟨Z⟩)2

N

Fig. 6   SEM image of a PSNC1%, b PSNC3%, c PSNC5%, d PSNC7% nanocomposites
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It is the average of the differences between the attitudes z of each point on the 
line and the value of the average attitude with ⟨Z⟩ =

∑
ij Zij

N
The AFM image processing software directly gives the value of the RMS and 

Ra roughness. Figure7 shows how the roughness varies as a function of Load 
rate by weight%. The roughness values indicate that the surfaces have slightly 
more hollow profiles and the decrease in roughness of the sample is related to the 
decrease in grain size, thus making the surface less rough; the variation in rough-
ness follows the variation in load rate by weight. It can be seen that the PSNC5 
nanocomposites have the lowest roughness values. This is due to the exfoliation 
of the PS/Mag-CTA nanocomposite. Comparison of the images shows that as the 
organic clay dispersed in the PS matrix increases, the appearance of the nano-
composite becomes more irregular and porous. Many nonlinear cracks form and 
tend to grow until they interfere with each other. This change in clay particle size 
was observed by SEM on samples PSNC1, PSNC3, PSNC5 and PSNC7.

Figure 8 shows a micrograph to the right of a morphological examination of 
5 µm × 5 µm. The surface of a PSCN in real space has three dimensions to see the 
shape of the reliefs. The one on the left evokes the observation of this surface in 
2D but with the calculation of depth Z of these reliefs, which could not be seen 
on the photographs of the SEM, on the micrograph of PSNC nanocomposites, the 
layers are smooth with a significant roughness; we can clearly see that the light 
areas are higher and the dark areas deeper; these two areas appear better on the 
3D micrograph.

The thermal stability of nanocomposites has been studied by thermogravimetric 
analysis; these results show that the thermal stability of prepared nanocomposites 
is not only related to the clay content, but is also much more related to the con-
dition of the clay in the polymeric matrix,  on  the surface between the polymeric 
matrix and the clay. The addition of only 1% modified clay improves the degradation 

(V.2)Ra =

∑
ij[Zij − ⟨Z⟩]

N

Fig. 7   Variation in surface roughness as a function of the loading rate by weight% of the sample
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temperatures T20 and T50 by 6 °C and 10 °C, respectively, compared to polystyrene. 
Above a concentration of 5%, there is little difference between the degradation pro-
files suggesting a threshold effect. The thermal stability of the PS/Mag–CTA nano-
composites obtained by incorporating 1, 5, 3% by weight of Mag–CTA-based organ-
oclay with respect to styrene has been determined. The data obtained are grouped in 
Table 3 and Figure 9.

This result is in agreement with those reported in similar research studies where 
the authors generally observe an increase in the degradation temperature of nano-
composites due to good polymer–clay interactions or clay platelets slow the diffu-
sion of degradation products. Zang et al. [33] described the synthesis of three qua-
ternary polystyrene ammonium surfactants for the modification of montmorillonite. 
Clay modified by reaction with chloromethyl polystyrene gives the most thermally 
stable nanocomposites. Essawy et  al. [34] observed that PS-clay nanocomposites 
modified with cetylpyridinium chloride were stable above 400 °C compared to PS 
and PS-clay nanocomposites modified by CTA. Uthirakumar et  al. [35] showed 
an increase in the temperature at the beginning of degradation of nearly 35 °C by 

Table 3   TGA results of pure PS 
and PSNC%

T at 20% degradation (°C) T at 50% 
degradation 
(°C)

PS 347 381
PSNC1% 353 390
PSNC3% 396 403.2
PSNC5% 405 435

Fig. 8   AFM images of nanocomposite PSNC3% (5 µm × 5 µm)
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adding 1% by weight of clay. Chen et al. [36] observed the increase in this tempera-
ture by 11 °C by adding 5% weight of clay modified by CTA. Some authors have 
also studied the effect of the way PS nanocomposites are prepared on their thermal 
properties. Chigwada et  al. [37] observed that the thermal stability of the PS was 
improved when the modified clay was added during mass polymerization compared 
to the melt mixing method. One possible interpretation is the formation of carbona-
ceous structures that limit diffusion phenomena. It also appears that optimal stabi-
lization is obtained for charging rates ranging from 2.5 to 5% by mass. The results 
showed that the PS/maghnite–CTA nanocomposites had better thermal stability.

The gain in stability of modified PS–clay nanocomposites is due to the formation 
of a carbonized protective layer. The formation of this layer is stimulated by the fine 
dispersion of intercalated or exfoliated montmorillonite particles that act as an inor-
ganic carrier [38]. It is important to note that the TGA trace recorded on the PSNC 
material indicates that the onset of PS decomposition is about 350 °C higher and the 
rate of polymer matrix degradation in these nanocomposites is significantly reduced. 
Indeed, the degradation temperature of the polymers is often improved by the incor-
poration of silicates in the exfoliated layers [39, 40], which increases the value of 
these polymers and allows them to be used at higher temperatures.

Mechanical properties

Charpy test results are shown in Fig. 10. There is a positive trend in the polystyrene/
Mag-CTA curve containing % maghnite by mass. This tells us that the reinforce-
ment of the polystyrene with modified clay makes the polystyrene stronger and this 
increase is mainly due to better interface/adhesion loading of the matrix and good 
dispersion of the load in the polystyrene matrix.

As shown in Fig.  11, the stiffness increases with the filler content of the 
PSCN% nanocomposites. This increase is mainly due to better interface between 
polystyrene and clay adhesion due to good dispersion of the clay load in the 
polystyrene matrix. These results are in good agreement with those found by 

Fig. 9   TGA curve of PSNC 
containing different quantities of 
Mag-CTA organoclay from 25 
to 880 °C
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Uthirakumar et al. [41] who reported a 50% improvement in Young’s modulus by 
adding 5% weight of clay to the PS in solution. The addition of organically modi-
fied maghnite to polystyrene results in a significant improvement in the Young’s 
modulus of the matrix. It has been found that the increase in modulus is greater 
for exfoliated nanocomposites.
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Fig. 10   Influence of Mag-CTA loading rate on the resilience of PSNC nanocomposites

Fig. 11   Evolution of the Young’s modulus as a function of the charge rate% (Mag-CTA)
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Conclusion

This work made it possible to prepare modified polystyrene–clay nanocomposites 
using different quantities of organoclays ranging from 1 to 15% using the in  situ 
polymerization technique. The characterization of the organoclays by different 
analyses (IR, ATG and DRX, SEM, TEM, AFM) made it possible to quantify the 
quantity of surfactants incorporated in the clay and the spacing between the clay 
layers. X-ray diffraction analyses have shown that the majority of the nanocompos-
ites obtained have an exfoliated morphology and the nanocomposites prepared with 
15% by mass of Mag-CTA are of the intercalated type; however, the TEM and SEM 
images obtained are consistent with the DRX data. The mass polymerization tech-
nique has shown the positive effect of the introduction of a cetyltrimethylammonium 
bromide chain on the thermal stability of nanocomposites. The presence of organi-
cally modified maghnite in the polystyrene significantly improves the Young’s mod-
ulus of the matrix and makes it more resistant. Therefore, a relatively flexible poly-
styrene-type matrix reinforced with such fillers becomes mechanically very strong, 
and the maghnite silicate layers, which have a very high specific surface area, bring 
considerable improvements in Young’s modulus. The results obtained showed that 
Algerian clay can be used as a reinforcement for the development of polystyrene-
based nanocomposites.
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