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ABSTRACT

Polypropylene (PP) is an important commercial plastic widely used to produce household goods
and automotive parts due to its well-balanced physical and mechanical properties and easy
processability at a relatively low cost. The applications of PP in various industrial sectors can be
further expanded by the incorporation of various kinds of fillers. Therefore, PP has been a
popular matrix used in association with all kinds of nanofillers such as carbon nanotubes
(CNTSs), layered silicates (clays such as montmorillonite (MMT) etc.,) and nanoparticles such as
silica, graphite and calcium carbonate, even though the nanofiller dispersion is challenging in
that case and often remains an issue.

Recently, Scientists and Engineers have discovered and developed a large range of exciting new
applications for Halloysite nanotubes and Sepiolite which are unique, cheap and abundantly
available naturally occurring clays. However, it is very difficult to attain exfoliation/dispersion in
case of higher loadings of these polar nanofillers in PP. To facilitate better dispersion of
nanofillers and their interaction with PP, either maleic anhydride grafted polypropylene (PP-g-
MA) has been used as a compatibilizer or modification of nanofiller has been done. This will
make nanocomposites suitable for many commercial applications, e.g. used in parts of electrical
equipment, building components and especially in automotive industries like cars, aeroplanes
etc. However for these applications, polymer nanocomposites must be flame resistant and should
have self-extinguishing characteristics. Very high loading of additives is needed to get flame
resistant polyolefins which in turn negatively impact the mechanical, physical and rheological
properties of the polymer. Development of high quality halogen free flame retardant (HFFR) PP
nanocomposites requires a smart manipulation of additive and polymer technology.

The aim of the present study is to investigate systematically the effect of two naturally occurring
nanofillers like Halloysite nanotubes and Sepiolite on various properties of PP and to develop
halogen free flame retardant polypropylene nanocomposites with improved thermal and
mechanical properties that may find applications in automotive industry.

The thesis comprises of seven chapters. Chapter 1 describes the literature background of polymer
nanocomposites with particular attention to PP based systems, effect of compatibilization,
intumescent flame retardant systems for PP and various methods of flammability testing, The

motivation and objectives of the present study is also included at the end of this chapter.



Chapter 2 gives experimental details for melt blending PP with HNTs or Sepiolite, in absence
and presence of compatibilizer [PP-g-MA], and combination of HNT or Sepiolite along with IFR
and characterization of nanocomposites using FTIR (Structural characterization), SEM, TEM
and XRD (Morphological characterization), DSC and TGA (Thermal characterization), parallel
plate, capillary rheometer and Rheotens (Rheological studies)) DMA (Thermo-mechanical
characterization) , MTS (Mechanical properties i.e. tensile , flexural , impact) and flammability
by LOI and UL-94 test .

The effect of HNT loading and compatibilizer to HNT ratio (1:1, 2:1,3:1 keeping HNT content
fixed at 5 wt%) on the morphological, mechanical, thermal and rheological properties (parallel
plate, capillary rheometer and rheotens) of PP was investigated [chapter 3A and 3B]. SEM and
TEM were conducted to analyze dispersion of HNTs in PP matrix. About 20 % increase in
tensile modulus and 25% increase in impact strength was observed upon incorporation of 5%
HNT in PP. It was found that tensile modulus, flexural modulus and flexural strength increased
by 35 %, 25 % and 30% respectively upon adding PP-g-MA: HNT in 2:1 ratio. The
crystallization peak exothermic temperature, Tp showed an increase of 11°C for PP with 5%
HNT and 13-14°C on adding higher amounts of HNTs while melting temperature remains
unchanged. Thermal stability increases with increasing amounts of HNT content upto 5% HNT
and then remained unchanged on further loading of HNT.

From capillary rheometry, high shear melt viscosity of PP /HNT composites follow the same
trend as that of neat PP upto 5% of HNT loading. Extensional viscosity, determined using
Cogswells convergent flow analyses and by performing rheotens experiment following Wagner’s
model, increased with increasing HNT content upto 5% and then decreased significantly at
higher loadings. All the samples showed pseudoplastic (shear-thinning) behavior with power law
index (n) in the range of 0.31-0.59. Storage modulus [G’] increased mainly in low frequency
region upon adding HNT in PP confirming reinforcement of PP by HNT which was enhanced
further in the presence of compatibilizer. Extensional viscosity also increased on adding PP-g-
MA. From these studies it can be concluded that halloysite nanotubes upto ~5 wt % can be used
as a filler to improve mechanical, thermal, melt strength and elongational properties of PP
without affecting the processability which could be improved further by using PP-g-MA: HNT in
the ratio of 2:1.
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The effect of Sepiolite content (5 and 10 wt%) and compatibilizer to Sepiolite ratio (1:1, 2:1,3:1
keeping sepiolite content fixed at 5 wt%) on the morphological, mechanical, thermal and
rheological properties of PP/Sepiolite nanocomposites was investigated and the results are
compiled in Chapter 4. It was observed that Sepiolite could be better dispersed in PP matrix on
adding PP-g-MA as compatibilizer. About 15 °C increase in T, of PP on adding Sepiolite
confirmed that Sepiolite is acting as a nucleating agent which is also supported by the increase in
percent crystallinity and mechanical properties. On incorporating PP-g-MA in PP/Sepiolite
nanocomposites, mechanical properties and thermal stability also improved. High shear viscosity
increases on adding Sepiolite while for compatibilized PP/Sepiolite samples it is found to be
comparable to neat PP.

Non-isothermal crystallization kinetic parameters of PP/HNT and PP/Sepiolite respectively in
absence/presence of compatibilizer [maleic anhydride grafted-polypropylene (PP-g-MA)] was
investigated using differential scanning calorimetry at four different cooling rates. Crystallization
parameters were analyzed by Avrami, Jeziorny, Liu and Mo’s models. Nucleation ability of HNT
and Sepiolite was evaluated by employing Dobreva and Gutzowa models. The activation energy
of non-isothermal crystallization kinetics process was estimated by using three isokinetic models
(Augis—Bennet, Kissinger and Takhore). The value of AE increased on increasing HNT or
Sepiolite content as they hinder the mobility of PP chains. However, AE decreased with
increasing PP-g-MA content. This may be due to the enhanced adhesion between matrix and
filler which facilitates the movement of PP chains.

The effect of IFR additive [Exolit AP-766] on flaming characteristics of PP, PP/HNT and
PP/Sepiolite nanocomposites was investigated systematically and the results are summarized in
Chapter 6. PP having 25% of IFR showed V-0 rating with slight deterioration of mechanical
properties. The burning behaviour of composites prepared using combination of IFR and
nanoclays i.e. PP: HNT: IFR / PP: Sepiolite: IFR in the ratio of 75:5:20 showed V-0 rating with a
significant improvement in the mechanical properties. The modification of IFR was also carried
out by treating IFR with pentaerythritol triacrylate (PETA) followed by UV curing and
investigating its effect on the flaming behaviour and mechanical properties. There was a
significant improvement in the performance [flammability and mechanical properties] of PP or
PP nanocomposites when we used PETA modified IFR as additive.

The summary, conclusions and the scope for future work is given in chapter 7.
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