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Abstract 

MCP nanoclaycomposites based on organoclay modified maghnite (OMag) and polypyrrole 

polymer (PPy) have been prepared and synthesize in situ intercalative polymerization. 

Sodium maghnite (Na
+
-Mag) with a cation exchange capacity (CEC) of 101.25 meq/100 g 

was organically modified (MC) by the intercalation of cetyltrimethylammonium bromide 

(CTAB).  

The nanocomposites were examined by means of XRD, SEM, FT-IR and thermal 

thermogravimetry/ differential thermal analysis (TG/DTA). Thermal stability of the 

nanocomposites increased as compared to the pure polymer. It was observed that the 

spherical shape of the pure polymer beads disappeared on composite formation as evidenced 

by SEM. 

 
 
1 Introduction 

Over the last decade, considerable attention has been paid to the synthesis and application of 
clay/polymeric matrix nanocomposites. Polyolefins, i.e. polyethylene and polypropylene, are 
the most frequently used polymers for clay containing nanocomposites [1–3].  
Layered clays such as montmorillonite (MMT) attracted intense research interest for the 
preparation of polymer clay nanocomposites. These inorganic/organic nanocomposites 
possess enhanced and novel properties not exhibited by individual inorganic and organic 
constituents [4–9]. 
The clay layer is hydrophilic in nature and can be converted to organoclay to promote the 
wetting of the polymer molecule onto the clay surface [10,11]. By properly controlling the 
surface properties of the organoclay, various degrees of organoclay dispersion can be 
achieved to give: (a) conventional composites, (b) intercalated nanocomposites, (c) 
intercalated-exfoliated nanocomposites and (d) exfoliated nanocomposites [11]. The clay’s 
surface properties can be modified in various ways. One can use clay with a different layer 
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charge density, control the surfactant surface coverage or vary the kind of intercalated 
surfactant [12–15]. 
A polymer, polypyrrole (PPy) (see structure in Figure 1) can be prepared by various methods 
such as chemical, electrochemical, and vapor phase routes. Angeli et al. [16] first reported the 
chemical polymerization of pyrrole (Py) monomers in 1916. Miyata and co-workers [17,18] 
investigated typical chemical synthesis of PPy using anhydrous FeCl3 as an oxidant/dopant in 
various solvents. They found that while methanol appeared to be the best solvent for optimal 
conductivity and morphology, the equilibrium redox potential of the solution controllable via 
the relative concentration of monomers and oxidants and via addition of FeCl3 were a more 
important determinant of polymer quality. The polymer produced in this way showed a more 
ordered fibrillar morphology and stretched films. Chen et al. [19] also showed that the 
monomer-to-oxidant ratio determined the electrical conductivity and morphology of the 
resulting PPy. The high oxidation potential of FeCl3/FeCl2 at a low Py/FeCl3 ratio can induce 
the formation of a highly doped PPy, whereas a high Py/FeCl3 ratio favors the depletion of the 
oxidant, leading to lower doping levels and lower conductivity. Additionally, degradation of 
conjugated bonds is possible at a very high FeCl3 concentration because of the formation of 
covalent carbon-chloride bonds. Consequently, itwas concluded that a maximum conductivity 
was obtained at a 2:1 monomer to-oxidant ratio. 
Recently, the Algerian montmorillonite clay, called Maghnite (Mag), representing a new non 
toxic cationic initiator, was used as a catalyst for cationic polymerization of a number of 
vinylic and heterocyclic monomers [20–23]. 
In the present study, the chemical polymerization method was used to prepared polypyrrole 
(PPy) in powder form. At both Py/FeCl3 molar ratios of 5 and 1, the concentration of FeCl3 
was kept constant and methanol was used as a solvent. 
The main objective of this work was to find the right surface treatment condition for the 2:1 
layer type bentonite from the Maghnia province in Algeria to optimize the organoclay 
dispersibility in polypyrrole (PPy). Because the source of the clay was fixed, the organoclay 
surface property was controlled varying the amount of the adsorbed surfactant. 
The incorporation of organoclay into polymeric material for large-scale production is often 
carried out by either in situ intercalative polymerization, where the organoclay is dispersed in 
a monomer which is subsequently polymerized 
In order to determine the composition, size, structural and thermal properties of the 
nanocomposite several structural investigations viz. X-ray, FT-IR, scanning electron 
microscope (SEM), and thermogravimetric/differential thermal analysis (TG-DTA) as a 
function of the annealing temperatures have been carried out and the results are being 
presented here. 
 

 
Figure 1. Chemical structure of polypyrrole. 

 
2 Materials and testing methods 

2.1 Materials 
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The maghnite used in this work comes from
Algeria) and was supplied by company “ENOF” (an Algerian manufacture
production of nonferric products and useful
the native bentonite were transformed into oxides and analysed by Xray
(ENOF). Results are given in Table 1. These
essentially of montmorillonite, since the ratio SiO
the family of the phyllosilicates
have flat platelets or needle-like structures. Granulometry
performed in the Civil Engineering Department o
sedimentation technique with a 0.1% solution of sodium
grains were found to have a diameter of less than 100 
(CEC) was measured to be 101.25
an average pore size of 7 nm. 
Pyrrole (Py) and cetyltrimethylammonium bromide 
supplied by Aldrich.  
All the solvents were supplied by Aldrich (analytical
purification. 
 

Species SiO2 Al
% (w/w) 65.2 17.25

Table 1. Chemical composition of the bentonite.
 

IUPAC Name 

Redirected from 

Molecular formula

Molar mass (g/mol)

Appearance 

Melting point 

Chemical structure

Table 2. General properties of CTAB
 
2.2 Organoclay preparation 

The syntheses of maghnite/CTAB
procedure. 10 g of Na+-Mag 
CTAB was dissolved in 100 ml of distilled water. The 
cation exchange capacity (CEC) of Na
maghnite. 
Then, the two solutions were mixed together and stirred 
washed for times with 100ml distilled water
pass through a 200 mesh sieve. 
The organoclays were prepared by replacing 
either of the one quaternary ammonium cation
the procedure described by Bartelt
added to the maghnite was determined 
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used in this work comes from a quarry located in Maghnia (
supplied by company “ENOF” (an Algerian manufacture

production of nonferric products and useful substances). The different chemical ele
bentonite were transformed into oxides and analysed by Xray

(ENOF). Results are given in Table 1. These results confirm that the maghnite
of montmorillonite, since the ratio SiO2/Al2O3 is equal to 3.77 and thus belongs to 

the family of the phyllosilicates [24]. These maghnites form stable suspensions in water and
like structures. Granulometry of the crude 

Engineering Department of Tlemcen University 
sedimentation technique with a 0.1% solution of sodium hexametaphosphate; 95% of the 

a diameter of less than 100 µm. The cation exchange capacity
101.25 meq/100 g of clay, and the surface area was 27m

 
cetyltrimethylammonium bromide (CTAB) (see structure in 

All the solvents were supplied by Aldrich (analytical grade) and used without

Al2O3 Fe2O3 CaO MgO Na2O K2O 
17.25 2.10 1.20 3.10 2.15 0.60 

Chemical composition of the bentonite. 

CTAB 

hexadecyl-trimethyl-ammonium bromide 
cetyltrimethylammonium bromide 

Molecular formula C19H42BrN 
Molar mass (g/mol) 364.45 

White powder 
237-243°C (decomposes) 

Chemical structure 

General properties of CTAB 

CTAB organoclays (MC) were performed 
 was dispersed in about 400 ml of distilled water and 3

solved in 100 ml of distilled water. The concentration of CTAB is
capacity (CEC) of Na+-Mag was slowly added to stored dispersion of 

were mixed together and stirred for 4 h at 50°C. All products were 
100ml distilled water, dried at 100°C and ground in 

200 mesh sieve.  
The organoclays were prepared by replacing Na+ on the surface of the homoionic clay wi

ammonium cation (CTAB) at 100% of the clay CEC according 
Bartelt-Hunt et al. [25]. Briefly, the quantity of organic cation 

to the maghnite was determined by equation (1) :  
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a quarry located in Maghnia (North West of 
supplied by company “ENOF” (an Algerian manufacture specialized in the 

substances). The different chemical elements of 
bentonite were transformed into oxides and analysed by Xray fluorescence 

maghnite used consists 
3.77 and thus belongs to 

s form stable suspensions in water and 
of the crude maghnite has been 

f Tlemcen University (EDTU) using a 
hexametaphosphate; 95% of the 

m. The cation exchange capacity 
surface area was 27m2/g, with 

(see structure in table 2) was 

grade) and used without further 

 TiO2 LOI 
 0.20 8.20 

 

 

 

were performed by the following 
400 ml of distilled water and 3,5g of 

concentration of CTAB is 100% of 
y added to stored dispersion of 

50°C. All products were 
100°C and ground in an agate mortar to 

of the homoionic clay with 
100% of the clay CEC according to 

the quantity of organic cation 
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Where f is the fraction of CEC satisfied by the organic cation, Mcation the mass of organic 
cation required to achieve the desired fraction of CEC, Mclay the mass of the homoionic clay, 
GMWcation the gram molecular weight of the organic cation, and Z is the moles of charge per 
equivalent. 
 
2.2 Chemical synthesis of polypyrrole 

Ppy black powder was synthesized by oxidation of pyrrole (Py) in aqueous solutions 
containing the adequate oxidants at 25°C for 24h, using urea as a buffer according to the 
literature [9,26]. The pyrrole was purified by passing through to a column of basic alumina. In 
summary, 10 g (0.30 mol) pyrrole monomers were dissolved in 400mL distilled water under 
vigorous stirring. An amount of 6.8 g (0.06 mol) of FeCl3 (as oxidant) dissolved in 100mL of 
distilled water was subsequently added drop wise to the previous solution and oxidative 
polymerization reaction was continued for 24h. The Ppy was formed as precipitate in reaction 
medium, which was then filtered and washed sequentially with distilled water several times. 
Finally the product was dried at 60°C. 
 

2.3 Chemical synthesis of polypyrrole/maghnite nanocomposite (MCP) 

As a typical experiment for the preparation of PPy/Mag nanocomposite with 10 wt.% clay 
loading, 1 g organophilic clay (MC) was suspended into 400mL distilled water under 
magnetic stirring at room temperature. Pyrrole (9 g, 0.13mol) was subsequently added to the 
above suspension, and kept stirred for 24 h. Afterwards FeCl3 (6.8 g, 0.06mol) solution in 
100mL distilled water, was added and stirred. Nanocomposite material was filtered and 
washed sequentially with distilled water, methanol, and acetone several times, followed by 
drying at 60°C [9]. 
 
2.4 FTIR, XRD, SEM-EDX and TG-DTA characterizations 

The samples of PPy and nanocomposite powder were characterized by using infrared (FT-IR), 
X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), scanning electron 
microscopic (SEM) techniques and thermogravimetric-differential thermal analysis (TG-
DTA).  
The FT-IR absorption spectra are recorded on KBr pressed pellets of the powdered samples in 
the range 4000-400 cm-1, using a Perkine-Elmer FTIR 1000 spectrophotometer. The X-ray 
diffraction pattern of powders was recorded on a Phillips-1730 (PANalytical) X-ray 
diffractometer using Cu Kα radiation (λ=1.54Å). TG-DTA thermograms were performed 
using the multimodule 92-10 Setaram analyser operating from room temperature up to 
1000°C in a Al2O3 crucible, at 10°C/mn heating rate. The samples were first evaluated using a 
scanning electronic microscope (MEB HITACHI, S-4800, Berkshire, UK) equipped with an 
EDX instrument. 
 
3 Results and discussion 
3.1 FTIR analysis 

FTIR spectrums of the original maghnite and organomaghnite samples are shown in Figure 2 
Both the original maghnite (Na+-Mag) and the organomaghnite (MC) show characteristic 
peaks of maghnite. The absorption band at 3650 cm−1 is due to stretching vibrations of 
structural OH groups of montmorillonite. A complex band at 1050 cm−1 is related to 
stretching vibrations of Si–O groups. The H2O-stretching vibration was observed as a broad 
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band at 3450 cm−1. The spectrum of MC also showed the absorption band at 3000 – 2850 
cm−1 related to stretching vibrations of C–H groups. However, no more distinct change on the 
absorption band at 935–450 cm−1 in the spectrum of original maghnite. Figure 2 shows KBr 
pellet FT-IR spectra of PPy, Mag and PPy–Mag nanocomposites. The C=C stretching of the 
benzene ring appears at 1537cm−1 and the peak at 1292cm−1 is induced by C–N stretching. 
Strong asymmetric and symmetric S = O stretching bands appeared at 1162 cm−1 and 1089 
cm−1, respectively. The characteristic peaks of the Si–O, Al–O and Mg–O bonds are appeared 
in the spectrum of the clay showing bands at 1047 cm−1, 524 cm−1 and 468cm−1, respectively. 
The characteristic peaks of Maghnite (Mag) clay are present in the spectrum of the 
nanocomposites, which are clear indications of the presence of clay in the nanocomposites 
blend. Also the characteristic peak of PPy observed in PPy/Mag nanocomposite systems is a 
strong evidence of the intercalation of PPy in the nanocomposite systems. 

 

 
Figure 2. FTIR spectra of MC (a), MCP (b) 

 
3.2 XRD analysis 

Intensity loss and disappearance of the clay’s XRD base diffraction peak have often been used 
to indicate that delamination is occurring. However, Gilman et al. have pointed out that XRD 
analysis alone can lead to false interpretations of the extent of exfoliation [27,28]. Thus, XRD 
should be applied jointly with TEM analyses. X-ray diffractometry revealed that intercalation 
was successful with CTAB. The layers were propped open upon swelling in water and the d-
spacing became higher after the ion-exchange process by the alkylammonium in comparison 
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with that of the original clay. Figure 3 shows the XRD patterns of a natural Na+-Mag and 
organoclay (MC) prepared using CTAB and the results are also summarized in Table 3. The 
d-spacing of unmodified Na+-Mag is 1.28 nm calculated from the reflection at 2θ=7.75°. After 
the ion-exchange reaction with ammonium salt (CTAB), reflection of the clay shifted to a new 
position at 2θ=5.56° (d=2.27nm). An increase of the interlayer distance, leads to a shift of the 
reflection toward lower angles and confirmed that intercalation and surface modification of 
Na+-Mag had taken place. This means that the basic structures of the Na+-Mag is kept, the 
layers only propped open, and the basal spacing increased significantly (table 3), providing 
evidence that intercalation has occurred. Insertion of the PPy into the layers of clay is 
confirmed by XRD measurements, showing alignment of the PPy chains with the layers of 
clay. Figure 3 also represents XRD patterns of the Na+-Mag, PPy and PPy–Mag samples, 
respectively. The XRD pattern of the PPy indicates an amorphous structure. The crystalline 
peak at 7.75° in the Maghnite samples corresponds to the periodicity in the direction of (001). 
The (001) peak was shifted to a lower angle (2θ = 5.74°) due to the intercalation of PPy 
material between the clay layers during nanocomposite formation. The variation of d-spacing 
in direction of the (001) plane was estimated using Bragg formula of nλ=2d sin θ. The d-
spacing in direction of (001) plane of the pristine clay samples is 1.28 nm, and that of PPy–
Mag is about 1.79 nm. Thus XRD results demonstrate the intercalation of PPy material 
between the clay layers. 
 

Sample 2θ (°) d (001) 

Spacing (nm) 

Maghnite Brute (MB) 
Maghnite Sodium (Na+-Mag) 
Maghnite Modified (MC) 
Maghnite/PPy (MCP) 

7.45 
7.75 
5.56 
5.74 

1.55 
1.28 
2.27 
1.79 

Table 3. Basal spacing of Na+-Mag, organoclays and nanocomposite 
 

 

Figure 3. X-ray diffraction spectrum of  sodium maghnite (Na-Mag),  
organomaghnite (MC) and nanocomposite (MCP) 

 
 

3.3 TG-DTA analysis 

The TGA curve for MC is shown in Figure 4. The four-step decomposition known for clay 
mineral modified with aliphatic organic cation [29,30]. The first step due to loss of residual 
water trapped in the organoclay starts near 50°C and ends near 150 °C. For the second step 
corresponding to decomposition of the organic matter (CTAB) present in the organo-
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maghnite, the onset occurs near 200°C with two maxima at about 250°C and 380°C. Na+-Mag 
shows much slower decrease in mass in this temperature range. The mass loss in temperature 
range 200–900 °C increases with the size of the organic cation from 29.22% (MC). 
Fig. 4. illustrates the result of the thermo gravimetric analysis of the PPy-Mag (MCP) 
nanocomposite and pure PPy and Na+-Mag. The curve of Na+-Mag shows a weight loss of 
17.46% below 200°C. In the curve representing pure PPy, the degradation begins at 270°C, 
moreover the polymer seems to decompose completely by 630°C. While the thermal 
degradation of the MCP composites all occurs near 260°C, increases for 10°C comparing to 
pure PPy and is accompanied by two endothermic peaks at 280 and 590°C. The initial mass 
loss below 125°C attributes to the release of water. The decomposition of the doping anions in 
PPy begins at 200°C following by a sharp loss in mass from 260°C to 630°C owing to the 
large-scale thermal degradation of the PPy chains  which corresponds to a decrease of 51.7%. 
Apparently the encapsulated composites increased the thermal stability as PPy layer had 
better regularity, compaction and continuity. Therefore it can be concluded that the 
experimental results were in accordance with literatures [31,32]. 
 

 
Figure 4. Thermogravimetric analyses of sodium maghnite (Na-Mag),  

organomaghnite (MC) and nanocomposite (MCP) 
 
3.4 SEM-EDX analysis 

The morphology of the MCP nanocomposites is shown in Figure 5. The clay particles were 
not observed at the surface of MCP. This indicates that during in situ polymerization, clay 
particles were coated by the polymer, which can be facilitated by an attractive interaction 
between the PPy and clay surface. PPy is possibly bonded to the surface by hydrogen bonding 
between the amine groups on PPy chains and the surface oxygen of the clay. Similar 
interaction between amine group of aniline and the silicate surface in montmorillonite has 
been reported in Ref. [33].  
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Figure 5. SEM images of Na+-Mag, PPy, MC and MCP 
 
The SEM-EDX analyses of the Na+-Mag, MC and MCP are shown in Figure 6. The presence 
of CTAB in maghnite and PPy in MCP nanocomposite could be clearly seen from Figure 6b 
and c respectively. The presence of CTAB and PPy causes a significant increase in the weight 
percent for carbon.  
 

  

 

Figure 6. SEM-EDX spectra of (a) Na+-Mag, (b) MC and (c) MCP 
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4 Conclusion 

The PPy and MCP nanocomposite were studied by FT-IR and XRD techniques. Also SEM-
EDX was used for studying the morphology of maghnite sodic (Na+-Mag), Modified 
maghnite by CTAB (MC) and Polypyrrole/modified Maghnite (MCP), blends. 
SEM images allowed for closer look at the morphology of MCP revealing that the PPy is 
definitely finding its way into clay galleries as suggested by XRD. 
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