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Polypropylenemontmorillonite (MMT) nanocomposites were prepared bymelt blending using two different organoclays modified
with imidazolium and alkylammonium surfactants. The imidazolium and ammonium modified organoclays were characterized
by the FTIR and SEM analysis. The effect of organic clay (MMT) on the physical properties of polypropylene was evaluated,
thermal and rheological properties with different filler weight percentage. Differential scanning calorimetric results showed that
imidazolium modified clay (IMMT) exhibits low melting temperature compared to the ammonium modified clay (AMMT).
The crystallinity analysis showed that crystallization improved in all nanocomposites irrespective of surface modification;
the thermogravimetric analysis showed that the imidazolium modified polymer composites are more thermally stable than
conventional ammonium modified composites. The Transmission Electron Microscopy (TEM) analyses indicated that the PP-
IMMT composites displayed exfoliated morphologies compared with the intercalated structure in PP-AMMT, and the rheological
analysis at 180∘C showed an enhancement in the viscoelastic properties as the clay concentration increases. The melt viscosity,
crossover modulus, and relaxation times were comparable for both the surface modified composites with two different cations.The
imidazolium based surfactant was found to be an effective organic modification for MMT to prepare thermally stable PP/MMT
nanocomposites.

1. Introduction

Polymer nanocomposites are ideal reinforced materials for
practical applications due to their desired properties and fea-
tures over the virgin polymeric materials [1, 2]. These mate-
rials show enhanced thermomechanical properties, barrier
properties, resistance to chemicals, and fire retardancy with
small amounts of a nanofiller [3, 4]. For these nanocomposite
systems, the primarily newproperties typically originate from
the change in the polymer nature by strong interaction with
the surrounded filler. In such cases polymers are adsorbed on
filler surfaces and strongly depend on the effective surface
area of the fillers. Thus, effective dispersions of nanofillers
would result in a true nanocomposite at a rather low filler
loading, close to the percolation threshold of these high

aspect ratio fillers. Utilizing the advantages of nanoscale
dimension of these nanofillers, a very small quantity of fillers
can be used to improve the physical properties of the polymer
as compared to other micro- or macrosized fillers [5]. More-
over, in the absence of true dispersion, the resulting compos-
ite is categorized as conventional composite despite the incor-
poration of the nanometer size inorganic fillers. It has long
been recognized that polymers can successfully disperse clay
particles when the clay particles are suitably modified; this
research field has recently gained considerable thrust, as the
report of a nylon-6/montmorillonite (MMT) material by the
in situ intercalative polymerization process has been reported
[3, 4]. Since then, the clay nanocomposite research has gained
high momentum with emerging applications. In order to
achieve a considerable enhancement in the thermal and

Hindawi
International Journal of Polymer Science
Volume 2017, Article ID 5717968, 8 pages
https://doi.org/10.1155/2017/5717968

https://doi.org/10.1155/2017/5717968


2 International Journal of Polymer Science

mechanical properties obtaining a nanoscale dispersion
of silicate layers as the exfoliated composite structure is
required, in which the polymer chains are inserted into the
gallery space of the clay layers [6, 7]. To achieve exfoliated
structures it is essential to modify the clay organically and
thereby increase the affinity with the polyolefin matrix.
The most common organic modification of clay is through
quaternary ammonium salt and its derivatives, where the
surfactant which is generally thermally weak undergoes
decomposition, followed by Hoffman’s elimination [8] which
produces amines and volatile olefins, in relatively low range
of processing temperatures [9, 10].The thermal stability of the
organoclay is of great concern, as many polymer composites
are melt-blended at high temperatures to yield polymer
nanocomposite. Therefore, it is very necessary to pay atten-
tion to the thermal stability of cationic surfactants used in
the organic modification of clay during the melting process,
as this undesired degradation induces the failure of the clay
layers to form exfoliated structures [11].

Many approaches have been established to overcome this
problem, by modifying silicate layers with high thermally
stable cationic surfactants such as phosphonium [12, 13],
pyridinium [14], and imidazolium [15–18].

Recent reports revealed remarkable enhancements in
polymer properties by the dispersion of various nanometer
inorganic fillers [19, 20]. Imidazolium based ionic liquids
have been evaluated as clay modifiers and the major advan-
tages are the enhancement of the thermal and flame retardant
characteristics of the clays, in comparison to ammonium
modified clay [21–23]. This is further motivated by the
synthetic diversity of ionic liquids which offers large numbers
of modified clays and composites with improved thermal
stability and nonflammability [24, 25]. Inmost of the success-
ful cases a combination of intercalated and exfoliated mor-
phologies has been achieved and the dispersion of nanoclays
into the polymer matrix is yet a challenging problem. In this
study, we compared the results of both alkyl ammonium and
dialkylimidazolium modified clay on the thermal and rheo-
logical properties, and the results which were obtained using
imidazole surfactants showed better thermal stability than
that of the quaternary ammonium salts. Presence of long alkyl
chains present in both the clay structures showed comparable
rheological properties by allowing good exfoliation and the
morphology of the nanocomposites was also assessed by the
TEM analysis to obtain a degree of exfoliation.

2. Experimental

2.1. Materials. Polypropylene (PP-HF029, MFR 2.9 g/10min)
was supplied by Equate Petrochemicals, Kuwait. Hydrophilic
montmorillonite clay (MMT) and alkyl ammoniummodified
montmorillonite (AMMT; Nanomer 1.31 PS) clay were pro-
cured from Aldrich Co. Ionic liquid and 1-hexadecyl-3-
methylimidazolium chloride > 98% were supplied by Iolitec.

2.2. Instruments. The FT-IR spectra were recorded on a
JASCO FT/IR-6300. Microscopic techniques implemented
are Scanning Electron Microscopy (SEM: JEOL Model

6300) and Transmission Electron Microscopy (TEM: JEOL
Model JEM-3010). The thermal profile (differential scanning
calorimetry) of the PP and PP nanocomposites was evaluated
using DSC 60 A plus Shimadzu with a heating rate of
10 K/min starting from 30 to 220∘C. Thermal degradations
were performed in a TA thermogravimetric analyzer (Dis-
covery TGA). Degradations were performed from 40∘C up
to 700∘C, in a nitrogen atmosphere and at a heating rate
of 10∘C/min. The thermogravimetric (TGA) and differential
thermogravimetric (DTG) curves were plotted and the %
weight loss of samples at various temperatures was tabulated.
The rheological analysis was performed on a Discovery
Hybrid Rheometer (DHR-3), in the plate-plate geometry,
using plates of 25mm diameter and a sample thickness of
1mm. The measurements were conducted under a constant
temperature, a variable frequency from 0.1 to 100 rad/s,
and an amplitude of deformation of 1% applied to obtain
rheological parameters.

2.3. Preparation of IMMT. 20 g ofMMTwas added to 500ml
deionized water and stirred vigorously using a magnetic stir-
rer for 5 h. A solution of 1-hexadecyl-3-methylimidazolium
chloride (2 CEC) inwater/ethanol was added in portions.The
reaction mixture was heated at 60∘C for 8 hours followed by
precipitation in methanol. The precipitate was repeatedly
washed with ethanol and deionized water until no bromide
ion could be detected by an AgNO3 solution and then dried
in a vacuum oven at 80∘C for 24 h and then ground to a fine
powder.

2.4. Preparation of Polymer Nanocomposite. In the first stage,
the clay powder and polypropylene (PP) pellets with dif-
ferent filler ratios (1.25, 2.5, and 5) were carefully dry-
mixed to ensure an adequate dispersion of the particles at
the macroscale level. The mixture was then melt-mixed at
180–200∘C in a lab scale twin screw extruder at a rotor speed
of 100 rpm. The samples prepared from ammonium modi-
fied MMT (AMMT) were labelled as PP-AMMT-1.25, PP-
AMMT-2.5, and PP-AMMT-5.0 and corresponding samples
from imidazolium modified MMT (IMMT) were labelled as
PP-IMMT-1.25, PP-IMMT-2.5, and PP-IMMT-5.0.

3. Results and Discussion

3.1. FTIR Spectroscopy. Figure 1 shows the comparison spec-
tra of various MMT. The common peaks corresponding to
silicon-oxygen and aluminum-oxygen bonds are observed,
respectively, at 1029 and 620 cm−1, the strong peaks at 520 and
460 assigned to magnesium-oxygen. A sharp peak at 1640
and broad peak at 3423 cm−1 corresponding to entrapped
moisture, peaks at 3621–3633 corresponding to the hydroxyl
groups were found in three clays. The bands corresponding
to N-bearing functional groups (1050 to 1600 cm−1) were
observed in both AMMT and IMMT. In addition to the
common peaks at 1460 an additional peak at 1572 was
observed in IMMT, which is assigned to the quaternated
imidazolium group [22].
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Figure 1: FTIR Spectra of MMT, IMMT, and AMMT.

3.2. Scanning ElectronMicroscopy (SEM). TheScanning Elec-
tron Microscopic technique was used to explore the surface
morphologies of MMT, AMMT, and the prepared IMMT
nanoclay samples.The surfacemorphologies of theMMTand
AMMTnanopowders exhibit approximately the same surface
morphologies seen with the exception of more aggregates
in AMMT (Figure 2). The structure of the nanoclay powder
modified by ionic liquid shows a massive thin layered struc-
ture with some large flakes and some interlayer spaces; this
may be attributed to the chemical modification by large alkyl
moieties in the clay galleries. All the samples show angular
particles and aggregates with different sizes ranging from 1 to
30 microns.

3.3. Differential ScanningCalorimetry (DSC). Theparameters
fromDSC analysis are summarized in Table 1, where the heat-
ing and cooling curves were recorded for the evaluation of the
thermal properties (Figure 3). The melting temperature (𝑇𝑚)
increased slightly up to 1.25 wt.% and decreased slightly at 2.5
and 5wt.% in both PP-AMMT and PP-IMMT. The variation
in the melting point indicated that the crystal structures of
PP in nanocomposites were changed upon filler loading. The
key concern in the design of polymer-clay nanocomposites
is the monitoring of the distribution of clay nanoparticles
on a polymer matrix. From the DSC results it was found
that imidazoliummodified clay (IMMT) exhibits lowmelting
temperatures compared to the ammonium modified clay
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Figure 2: Scanning Electron Microscopic images of (a) MMT, (b) AMMT, and (c) IMMT.

Table 1: DSC and TGA characteristics of PP and its nanocompos-
ites.

Sample 𝑇𝑚
(∘C)
Δ𝐻𝑚
(J/g)

𝑋𝑐
(%)
𝑇𝑐
(∘C)
𝑇𝑑onset
(∘C)

𝑇𝑑max
(∘C)

PP 163.12 79.18 37.88 107.02 346.28 404.07
PP-AMMT1.25 165.27 83.88 40.64 109.85 345.10 424.89
PP-AMMT2.50 165.26 83.81 41.12 109.38 375.94 434.07
PP-AMMT5.00 164.56 82.66 41.63 112.67 401.54 438.68
PP-IMMT1.25 164.77 85.66 41.50 112.19 369.32 429.95
PP-IMMT2.50 164.61 84.52 41.47 112.57 376.76 438.89
PP-IMMT5.00 163.98 83.56 42.08 116.48 397.87 460.34

(AMMT); this could be attributed to the effect of the long
hydrophobic alkyl chain in the PP matrix. The crystallization
temperature (𝑇𝑐) for both PP nanocomposites was higher
than that of pure PP, and this can be explained by the effect
where montmorillonite clay layers act as a nucleating agent
for PP and increase of the crystallization rate.The crystallinity
(𝑋𝑐, %) calculation showed that the value increased 37% for
unfilled PP and up to 42% for the filled PP and there was no
visible correlation with the filler content. Moreover, it is vital
to understand the interaction between the montmorillonite
clay surfaces and the PP to prepare exfoliated clay-polymer
nanocomposites.

3.4.Thermogravimetric Analysis (TGA). Theeffect of cationic
modifications on the thermal behavior of PP clay nanocom-
posites was analyzed by thermogravimetric analysis TGA.
The TGA parameters are stated in Table 1 and TGA traces
are shown in Figures 4 and 5. Considering PP the thermal
stability of the PP/clay nanocomposites was increased with
increasing the clay content. Comparing PP-AMMT the onset
degradation temperature (𝑇onset) values of the PP-IMMT
showed a substantial improvement. At higher filler loading
(2.5 and 5wt%) the mass loss decomposition started almost
at the same temperature for both PP-AMMT and PP-IMMT
composites; such behavior is typical for a barrier effect due
to the remaining silicate layers, acting as diffusion barriers
for the oxygen [26]. The maximum degradation temperature
(𝑇𝑑max) also showed an improvement from 404 (PP) to 460
(PP-IMMT-5) keeping a lower value of 438 (PP-AMMT-5).
This is attributed to the effective exfoliation of IMMT into
the PP matrix during the melt intercalation without any
notable decomposition. Comparing the results obtained over
the thermal degradation showed the clear effect of exfoliated
silicate layers and how more pronounced they were during
thermal degradation. These results and interpretations are
in good correspondence with the results found for the
thermal and thermal oxidative decomposition of PP silicate
nanocomposites. While comparing the derivative curves, it
was observed that both PP-AMMT and PP-IMMT decom-
posed via a single step degradation process similar to a
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Figure 3: Differential scanning calorimetric curves of PP, PP-AMMT, and PP-IMMT composites.
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Figure 4: TGA trace and derivative curves of PP-AMMT composites.
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Figure 5: TGA trace and derivative curves of PP-IMMT composites.



6 International Journal of Polymer Science

(a) (b)

Figure 6: (a) TEM image of PP-AMMT composite. (b) TEM image of PP-IMMT composite.

Table 2: Rheological parameters of PP and its nanocomposites.

Sample
Crossover
modulus
MPa

Crossover
frequency
(rad/s) [Hz]

Relaxation time
(s)

Complex viscosity (Pa⋅s)
0.1

(rad/s)
1

(rad/s)
10

(rad/s)
100

(rad/s)
PP 26.76 15.86 [2.52] 0.39 11576 7130 2985 837
PP-AMMT1.25 26.25 14.16 [2.25] 0.44 12391 7546 3108 853
PP-AMMT2.50 26.70 14.60 [2.30] 0.43 12653 7726 3175 861
PP-AMMT5.00 27.29 14.41 [2.29] 0.44 12864 7797 3203 884
PP-IMMT1.25 26.18 15.34 [2.44] 0.41 11496 7124 2974 838
PP-IMMT2.50 26.48 14.78 [2.35] 0.42 11984 7298 3109 858
PP-IMMT5.00 26.91 14.64 [2.33] 0.43 11948 7376 3154 885

pure PP sample. In all PP nanocomposite, clay particles
acted as a shelter during the char formation, and as a
result the second phase of degradation of the nanocomposite
appears to occur at higher temperatures compared to that
of pure polymers. However, when thermally stable, when
imidazole was added to the nanocomposites, the initiation
and maximum temperatures are shifted towards higher tem-
perature; this effect is explained by the fine dispersion of
the clay layers, which decreases the polymer permeability
to both oxygen and the volatile decomposition products.
The small volatiles which were raised during the thermal
decomposition process cannot permeate but may avoid the
clay layers; thus the addition of the clays reduces the release
rate of the decomposed byproducts and hence enhances the
thermal stability of the nanocomposites.

3.5. Transmission Electron Microscopy (TEM). Figure 6(a)
shows an image of polypropylene melt intercalated with
5wt.% of ammonium based nanoclays; the image shows
darker nanoscopic MMT aggregates distributed throughout
the polypropylene matrix. This arrangement of clay platelets
can be associated with that of an intercalated nanocomposite
structure rather than the exfoliation. The main role of an
organic modifier is to decrease the cohesion forces of clay
stacks by changing the nature of MMT into organophilic and
thereby allowing the polymer chain to intercalate into clay
galleries. Figure 6(b) shows an image of a polypropylene

structure infusedwith 5wt.% of imidazoliumbased nanoclay.
In this image, mixed morphologies of exfoliated nanostruc-
tures have been observed, which show that, even at a higher
filler loading, nanostructures are dispersed uniformly in the
polymer matrix; another finding is that the morphologies
of intercalated structures are not in close proximity to each
other. This suggests the presence of a long alkyl chain in the
clay surface well compatibilized in the polymer matrix and
increasingly reinforced with less agglomerated clay sites.

3.6. Rheological Properties. The viscosity of the polymer melt
usually plays an important role in the flow properties of
the material; therefore rheological measurements are exten-
sively used to study polymer melt. The parameters obtained
will describe the fundamental behavior of polymer and its
composites in processing (Table 2). The angular frequency
dependence of shear storage modulus (𝐺) and shear loss
modulus (𝐺) complex viscosity (𝜂∗) at 180∘C is plotted in
Figures 7 and 8 for the virgin PP and its PP-AMMT and
PP-IMMT composites, respectively. It is observed that both
storage modulus and loss modulus increased with the
increase in frequency and also with the increase in con-
centration of the filler content. It is also observed that the
neat PP and its nanocomposite displayed viscous behavior
at low frequencies (𝐺 > 𝐺) and an elastic behavior at
high frequencies (𝐺 > 𝐺), with a particular frequency
point at which a reverse of the behavior is achieved (crossover
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Figure 7: Rheological analysis of PP-AMMT composites.
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Figure 8: Rheological analysis of PP-IMMT composites.

frequency, 𝐺 = 𝐺). The values of the crossover frequency
and modulus values showed a similar viscous behavior of
both PP-AMMT and PP-IMMT composites. It is important
to note that presence of nanofillers in a polymer matrix
induces a shift in themolecular chainmobility to exhibit pro-
nounced elastic properties as well as delayed relaxation time
as compared to the virgin polymer. This is attributed to the
increasing of the polymer chain-nanofiller interactions; the
molecular mobility is more hindered, and the relaxation time
calculations showed that both PP-AMMT and PP-IMMT
nanocomposites exhibited comparable values with delayed
relaxation time upon nanofiller loading. It is very impor-
tant to note that a better clay exfoliation should stimulate
an increase in moduli and delayed relaxation times. The
variation of the melt complex viscosity (𝜂∗) of PP-AMMT
and PP-IMMT at different angular frequencies is shown in
Table 2; a typical pseudoplastic behavior for the neat PP and
its composites was observed. In the pseudoplastic behavior,
with increase of shear rate, the polymer molten layers were

sheared away resulting in reduced viscosity. It is evident
from Figures 7 and 8 that the complex viscosity of the PP
increases with the increase of the nanofiller fiber loading,
which is associated with hindering of the mobility of chained
segments. The values 𝜂∗ (Table 2) showed a reduction in
complex viscosity for PP-IMMT nanocomposites compared
to the PP-AMMT; therefore it is also relevant to note that the
reduction in melt viscosity is an additional benefit for
polymer composite processing.

4. Conclusion

Polypropylene based nanocomposites were prepared by using
two different surfactants (ammonium and imidazolium)
modifiedmontmorillonite.The effect of structural features of
both surfactants on thermal and rheological properties of the
prepared composites was evaluated.The addition ofmodified
clay accelerates the crystallization compared to pure PP and
the value remains the same for both composites.The thermo-
gravimetric analysis showed that the PP composites modified
by imidazolium surfactants are more thermally stable than
conventional alkylammonium PP composites; in addition,
higher exfoliation promotes higher thermal stability than
nanocomposites which is further confirmed byTEManalysis.
It is found that organic modification on filler surfaces
increases the viscosity of composites due to an increased
filler-matrix interaction and the results were comparable.
The melt viscosity measurements showed that imidazolium
treated MMT filled PP exhibited a lower complex viscosity,
and this is associated with the molecular motion due to the
availability of greater free volume and weaker intermolecular
interactions. The relaxation time measurements showed a
comparable exfoliation degree for the composite structures.
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