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Abstract  

A reactive cationic surfactant cetyltrimethylammonium bromide (CTAB) was synthesized for intercala-

tion of montmorillonite Mmt, a Maghnite type of clay. The pristine montmorillonite (Mmt) was ob-

tained from Algerian plant with a cation exchange, Organophilic Mmt, was prepared by ion exchange 

between Na+ ions in the clay. CTAB-intercalated Mmt particles were easily dispersed and swollen in 

styrene monomer, PS/Mmt-CTAB nanocomposites were synthesized via in-situ polymerization, in-situ 

polymerization, this method is based on the swelling of the silicate layers with the liquid polymer. The 

polymer composites were characterized using different techniques such as X-ray diffraction (XRD), The 

results were showed that, the basal space of the silicate layer increased, as determined by XRD, from 

12.79 to 32.603 Å. Transmission electron microscopy (TEM) indicated that exfoliation of Mmt was 

achieved. In this current research, thermal gravimetric analysis (TGA) and  force atomic microscopy 

(AFM) were also studied. © 2015 BCREC UNDIP. All rights reserved  
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Research Article 

1. Introduction  

Since the inception 20 years ago by the Toy-

ota group [1, 2]. The synthesis of polymer/clay 

nanocomposites has been of considerable inter-

est to the packaging and automotive industries. 

Polymer/clay nanocomposites are attractive 

and offer potential growth because of their wide 

range applications over traditional polymers [3-

5]. These nanocomposites have proven to in-

crease the mechanical [6], chemical and ther-

mal properties [7]. Therefore these nanocompo-

sites generate a higher resistance to gas perme-

ability [8-11], flammability [12,13]. The poly-

mer/clay interactions within the matrix ulti-

mately decide the morphology of the nancompo-

site. The morphologies of the clays in the nano-

composites have been cited as phase separated, 

intercalated or exfoliated [4,14,15]. Different 

synthesis procedures, in situ polymerization, 

solution blending and melt polymerization [16-

20], have been used in order to obtain the dif-

ferent morphologies. The exfoliated or delami-

nated morphology is the preferred in order to 

maximize the effect of the clay in the matrix. 

The morphology of the nanocomposites has a 

direct effect on the mechanical, thermal and 

barrier properties [21,22]. Recently, another 

method used to obtain polymer/clay nanocom-

 * Corresponding author. 

E mail: lmrah@yahoo.fr  (L. Mrah)  

Tel: +21341510057, Fax: +21341510057 



 

posites has been emulsion polymerization [23-

26]. Emulsion polymerization offers a cleaner 

and “greener” alternative to the solvents used 

in in-situ polymerization and furthermore lim-

its to the thermal degradation of the clay plate-

lets that occurs in melt processing. The use of 

colloidal dispersions offers another broad range 

of applications for nanocomposite technology 

within the realm of coatings and paints [27]. 

Different groups [28-34], have used solid parti-

cles or in this case clay nanoparticles as stabi-

lizers in emulsions in order to substitute sur-

factants. This process is commonly known as 

“Pickering emulsions [35].” Nanoclay platelets 

act as surfactants and are located at the liquid-

liquid interface [36], which causes a decrease in 

the interfacial energy.  

The objective of this work is to develop poly-

mer/clay nanocomposites as barrier membranes 

using dispersed and/or exfoliated phyllosili-

cates in a polymer matrix. Another property 

that may improve the dispersion of the layered 

materials is the interactions of the clays and 

the surfactants. The chemical modification of 

the clay surface may render improved poly-

mer/clay or polymer/surfactant interactions 

yielding a different morphology in the matrix. 

In the present work, Algerian montmorillonite 

was organophilized and tested to prepare nano-

composite by melt blending. Montmorillonites, 

a class of inexpensive and noncorrosive. Our in-

terest here in the influence of the formulation 

of the systems PS / clay on their structure as 

well as on their mechanical properties. The ob-

jective of this research was to synthesize high 

performance Polystyrene organoclay nanocom-

posites and to study the correlation between 

morphology and mechanical properties of the 

nanocomposites. 

 

2. Materials and Methods  

2.1. Materials 

 Polystyrene (PS) (grade 99%) was used as 

purchased from Aldrich chemical. The cetyl-

trimethylammonium bromide were used as 

purchased from Aldrich chemical. Raw-

Maghnite: Algerian montmorillonite clay which 

has been used as catalyst is supplied by a local 

company (ENOF Maghnia (Western of Alge-

ria)). 

 

2.2. Preparation of Maghnite-Na+  

The bentonite was finely ground and sieved 

(≤0.08 mm), and then put in contact with the 

salt solution of NaCl (1 M), to swap the ions 

present in the clay for the cations Na+ [37,38].  

It was then left under agitation for 12 min. 

This operation was repeated 3 times, and then 

the clay was washed several times with dis-

tilled water to remove excess salt (precipitation 

of Cl- ions by AgNO3). The montmorillonitic 

suspensions were put in sedimentation gradu-

ated cylinders (two-liter test tubes) and kept at 

room temperature for 48 hours. Next, the sus-

pension was siphoned by inhalation, by means 

of a pipette to recover the montmorillonite frac-

tion containing particles of size around 2µm. 

The remaining fraction was shaken again after 

each taking. This operation was repeated as 

many times as possible. Then, the montmorillo-

nite was recovered and dried at 100 °C, and fi-

nally crushed using a mortar. 

 

2.3. Organic Modification of Clay 

The montmorillonite was prepared and 

modified according to the protocol of Loïc Le-

pluart [39]. An amount of 10 ml of 1 N hydro-

chloric acid was introduced into a one-liter 

volumetric flask, and then the volume was com-

pleted up to the mark with distilled water. Af-

ter that, the resulting solution was poured into 

a conical flask fitted with a magnetic stirrer. 

This acid solution is put under a temperature 

of 80 °C used for the processes optimized via a 

heating magnetic agitator on a heating mag-

netic agitator. When the temperature became 

stable, 10-2 moles of cetyltrimethylammonium 

bromide were introduced into the mixture. Af-

ter three hours of agitation at 80 °C, the amine 

is dissolved and ionized. Then, 5 g of sodium 

montmorillonite were added. After three hours 

of cationic exchange, the organophilic mont-

morillonite was recovered and rinsed six suc-

cessive times with distilled water at 80 °C to 

eliminate the inorganic cations. The efficiency 

of rinsing was checked by the addition of some 

drops of silver nitrate to the residue. The phy-

sisorbed alkylammonium ions were removed by 

a mixture of water and ethanol (50/50), heated 

to 60 °C beforehand. The organophilic mont-

morillonite obtained was then dried at 100 °C, 

and then crushed. This is referred to as Mont-

morillonite-CTAB, throughout this study.  

 

2.4. Composites Preparation 

Four types of composites of different compo-

sitions (1, 3, 5 and 10 wt% MMT-CTAB ) were 

prepared by melt compounding at room tem-

perature, the polymerization of styrene was 

carried out in tubes. Each tube contained a 

mixture of 10.0 g of styrene and an amount of 

montmorillonite-CTAB. The desired amount of 
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cation exchanged MMT was dispersed in sty-

rene monomer. The mixtures were held at un-

der ambient temperature and stirred with a 

magnetic stirrer, the reaction was terminated 

by precipitating the PS/montmorillonite-CTAB. 

The nanocomposites was then denoted as 

PSNC1, PSNC3, PSNC5 and PSNC10 accord-

ing to their containing clay [40]. 

 

2.5. Characterization 

X-ray diffraction (XRD) analysis of Magh-

nite-CTAB was carried out using a Philips PW 

1880 powder diffractometer (Cu-Kα radiation, λ 

=1.541 Å). The topographic study of surfaces 

generally allows extracting information on the 

growth of thin films and especially of oxide lay-

ers. The near-field microscope "JSPM-4200" is 

calibrated in contact or tapping mode, accord-

ing to the standard called the reference stan-

dard or metal grid, and using the magneto-

optical Kerr effect. Remember that there is of-

ten a problem of resolution in atomic force mi-

croscopy (AFM), because of the size of the 

probe. Thermal gravimetric analysis was con-

ducted on a Shimadzu TGA-51H analyser with 

N2. The phase morphologies of the nanocompo-

sites were observed by transmission electron 

microscope (TEM), Philips CM 120, operating 

at an acceleration voltage of 120 KV. 

 

3. Results and Discussion  

 Figure 1 (a) presents the diffractograms of 

both sodium montmorillonite MMT-Na and 

modified CTAB-montomorillonite MMT. MMT-

Na shows a peak at 2θ = 6.95°, which corre-

sponds to an interlayer distance d001 = 12.97 Å. 

The addition of alkylammonium ions causes a 

displacement of the characteristic peak towards 

smaller angles, 2θ = 2.46°, and therefore an in-

crease in the interlayer distance, i.e. d001 = 

32.603Å for MMT-CTAB. This increase indi-

cates the intercalation of alkyl ammonium ions 

in the interlayer galleries of MMT-Na, through 

a simple cation exchange.Note the appearance 

of a broad peak at 2θ ~ 5 °, which may be due 

to a large scale organization of silicates. 

Figure 1 (b) illustrates the diffraction pat-

terns of X-ray PS / MMT with different concen-

trations of the clay content. As shown in Figure 

1 (b), the peak is related to the clay has disap-

peared, suggesting that the silicate sheets are 

exfoliated. The weak signals for all the nano-

composites may suggest a partial delamination 

/ exfoliation of the clay platelets in the matrix. 

Based on the disappearance or the decrease of 

intensity of XRD peaks, authors conclude the 

silicate is partially or completely exfoliated 

[41]. 

First, consider the situation where the flow 

of iron atoms is perpendicular to the surface. 

This surface is mainly composed of nanoscale 

iron islands, whose average diameter continu-

ously increases. These are tetrahedral in shape, 

as evidenced by the discovery of the three fac-

ets. Using the auto-correlation function is the 

perfect way to analyze the average form and 

the spatial distribution of these islands. What-

ever the thickness of the iron deposition is, the 

image obtained by autocorrelation presents the 

same profile; i.e. a circular central spot, charac-

teristic of isotropic lateral distribution of islets. 

In Figure 2 (b), the images are compared. It is 

therefore clear that the grain size increases in 

the Z direction. This size along the X and Y 

axes is substantially equal to the training pe-

riod, which indicates that a grain has a non-

spherical shape.  

This is probably due to the growth mecha-

nism. This finding confirms the inhomogeneous 
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Figure 1(b). XRD diffraction patterns: (i) MMT-Na (a) and MMT-CTAB (b); (ii) modified Mmt-CTAB 

and PSNC /clay series 

   (i)       (ii) 
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Figure 2. AFM images: (a) AFM image 40 MC (monolayer per minute) at 0 ° fe covered in 20 MC if 

oblique incidence for AFM image (5µm x 5µm) and convoluted image ( 5µm x 5µm; (b) application of 

the autocorrelation function on an AFM picture, topography profile and 3D image shows the topogra-

phy  

(b) 

(a) 



 

nature of PS / organophilic montmorillonite 

clay (CTAB) nanocomposites. The autocorrela-

tion study allows determining the grain size.  

The Mmt layers are randomly dispersed in 

polystyrene matrix. The more the mass per-

centage of montmorillonite CTAB is brought 

up, the more the capacity of the PS to exfoliate 

the clay. The morphology of the exfoliated Mmt 

also reflects the initial stacking arrangement of 

the layers of pristine clay particles. The exfolia-

tion of Mmt in PS matrix may be attributed to 

the strong interaction between styrene and 

Mmt-CTAB. 

The thermal decomposition behavior of PS 

and PS/ montmorillonite-CTAB nanocomposite 

is shown in Figure 4. Dietsche and Mulhaupt 

[42] also observed an improved thermal stabil-

ity of acrylic composites using TGA technique. 

The strong fixation between inorganic surface 

and polymer is also considered to be due to the 

cooperative formation of ion induced dipole 

forces. This result is in agreement with those 

evoked in similar research works or the others 

observe generally an increase of the degrada-

tion of nanocomposites because of good interac-

tion polymer/clay or the plaques of clay shows 

above the curve (PS)  of the products of degra-

dation [43]. 

 

4. Conclusions 

This study actually shows and confirms the 

inability of the PS matrix exfoliate the clay de-

spite the organic treatment of montmorillonite. 

The PS / MMT-CTAB nanocomposite was syn-

thesize by Polymerization in situ by using a 

surfactant polymerizable. The surfactant syn-

thesizes is effective in the exfoliation of magh-

nite in the matrix of PS. The results of X-ray 

diffraction and transmission electron micros-

copy suggested that the nanocomposites pro-

vided exfoliated structures. The characteriza-

tion by electronic microscopy to sweeping 

(AFM) of one PS / Mmt-CTAB 3.5%, we show a 

dense grain structure in which the grains are 

very small and nanoscale. The grains are ran-

domly distributed on all the surface of samples. 

Surfaces are not rather rough. 

 

Abbrevations 

PS:  Poly Styrene 

PSNC: Poly Styrene / Montmorillonite Nano-

composites 

CTAB:  Cetyltrimethylammonium Bromide 
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Figure 3. TEM micrograph of a nanocomposite 

PS / Mmt-CTAB containing 3 wt.% and 5 wt.% 

Mmt-CTAB                                                                                                           

Figure 4. TGA thermograms of weight loss ver-

sus temperature: pure PS and Nanocomposite PS 

/ montmorillonite-CTAB containing 3 wt.% and 5 

wt.% Mmt-CTAB 
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