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Abstract Polyolefins are very important commercial polymers. They represent
a broad class of materials which include different grades of polyethylene(PE),
poly(propylene), polystyrene, polybutylene, and so on. This chapter is discussing
about the blends and composites of different types of polyolefins. They are the class
of thermoplastics from which a large percentage of blends and composites are made.
The polyolefin-polyolefin blends and composites are itself a large category. In addi-
tion to that they have been added to other thermoplastics like PVC, PTT, PC, etc.
and elastomers such as natural rubber, SBR, NBR, EPDM, etc. and thermosets like
epoxies. Generally they hold a degree of immiscibility with most of the other poly-
mers and in order to enhance miscibility and decrease the interfacial tension, fillers
and compatibilizers are preferred. Other than these, the surface functionalization
is preferred in most of the cases. Plasma modification is one such method to intro-
duce surface functionalities in an otherwise non-polar material. High voltage electric
current will be applied to gases such as oxygen, argon, ozone to make them ionized.
The resultant state contains a large number of different species such as ions, atoms,
molecules, electrons, neutral species, etc. These plasma are effective in modifying
the surface of polyethylenes. The blend components are either pre-treated or post
treated with plasma to enhance the interfacial adhesion.
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1 Introduction

Poly olefin plays a significant role in modern industry and it constitutes the most
widely used plastics today, especially polyethylene and poly propylene. Polyolefin
can be regarded as the as the most widely produced commodity plastics also and
its production exceeds several million tonnes. The usage as well as researches on
polyolefin based blends and composites have increased drastically because of their
new applications in medical, packaging, automobile, electronic and industrial fields
[1-5].

The blending of polyolefin with other polymers leads to the improvement of
its native properties as well as leads to the cost effect products having high end
use. Polyolefin based blends possess many advantages such as low density, low
cost ease of processing and improved chemical, physical and mechanical properties.
Polyolefin blending requires the knowledge of miscibility, crystallinity and other
features components. Polyolefin can be studied under two distinct headings such as
polyolefin-polyolefin blends and polyolefin-non polyolefin blends. Polyolefin blends
are usually prepared by in- reactor blending or non reactor blending [6]. The former
method involves the blending of polyolefin different polyolefin in the polymerization
reactor and the latter involves the mechanical blending of the premade polyolefins
with other polyolefin or non poly olefins in compounding extruders. The hydrophobic
nature of the polyolefin usually leads to the poor miscibility which in turn results
in phase separation and that can be solved by the use of suitable compatibilzer. The
compatibilzer reduces the interfacial tension between the polymers and strengthen
the interface.

Polyolefin composites are the polyolefin materials containing at least one non
polymeric reinforcement of organic or inorganic origin. The reinforcement may
be micro or nano in size, natural or synthetic, which includes glass fibers, natural
fibers, carbon based nanomaterials, clay minerals, magnesium hydroxide, aluminium
hydroxide, calcium carbonate, titanium dioxide, silica [7—11] etc. In the next section,
we have discussed briefly about the fiber reinforced polyolefin blends and composites.

2 Fibre Reinforced Polyolefin Blends and Composites

Fiber reinforced polyolefin blends and composites are on of the most popular type
of materials in which the continuous thin fibers are embedded in the polymer matrix.
Fiber-reinforced polyolefin blends and composites offer not only high strength to
weight ratio, but also provides exceptional properties such as high durability; stiff-
ness; damping property; flexural strength; and resistance to corrosion, wear, impact,
and fire. A great number of research and developments has been done with different
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fibers on the effects in the origin, type, surface modification, loading and orienta-
tion [12-15]. In the recent years natural fibers attains more attraction among the
researchers owing to the availability, cost effectiveness, environmental friendliness
etc.

Recently, polypropylene-high density polyethylene-coir coconut fiber (PP-
HDPE-CCF) biocomposites were prepared as alternative materials for the design and
manufacturing of sustainable products. The addition of CCF generates an increase
of the tensile and flexural modulus up to 78% and 99% compared to PP-HDPE
blend. This stiffening effect is attributed to the decrease in the polymeric chain
mobility due to CCF and the higher mechanical properties of the CCF compared to
the polymeric matrix [16]. Old Newspaper Recycled Fibers-Reinforced Polypropy-
lene Composites were prepared by adding Maleic anhydride as a coupling agent in
order to increase the strength of the interface between the matrix and the reinforce-
ments. The prepared composites exhibit increased the impact strength of the compos-
ites and decreased the water uptake. Impact strengths of 21.3 kJ/m>were obtained
for a coupled composite with 30 wt % reinforcement contents, which is a value
higher than that obtained for glass fiber-based materials [17, 18]. Even though the
natural fibers have many advantages, they suffer from lower modulus, lower strength
and relatively poor moisture resistance when compared the synthetic fibers. Glass
fibers (GF) are also used as reinforcement agent used in polyolefin based blends
and composites. The effect of fiber content on the stress relaxation of polypropy-
lene/glass fiber composites was conducted with and without coupling agents was
studied [19]. Another interesting study demonstrates the preparation and properties
of glass fiber-reinforced polypropylene composites using different fiber loading and
different comaptibilizers. Toughness, crystallization ability and heat resistance were
all enhanced when compared to the pure polymer matrix [20]. It has been reported
that the strength and toughness increases three times and the interfacial strength
duplicates in PP/GF composites prepared with in-sifu polymerized fibers [21].

Intermixing of natural fiber with stronger and more corrosion resistant synthetic
fibers such as glass fiber can lead to the synergetic effect. Literature review reveals
that the addition of a small amount of glass fiber enhance the durability of bamboo-
fiber reinforced polypropylene [22]. Recycled low density polyethylene composite
materials having hybrid coconut/glass fiber as reinforcement were fabricated to
enhance the desired mechanical properties for car bumper as automotive structural
components [23].

3 Interfacial Adhesion in Polyolefin Blend System

Polymer blending is a cost effective and easier way to develop materials for high
performance applications. Generally, blends are of three types-miscible, immiscible
and partly miscible. The miscibility has a direct connection with the morphology
and properties. Miscibility is also dependent on the interfacial tension, viscosity and
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process conditions and technologies. A huge percentage of the reported works in
blends contain polyolefins.

Polymer blending is a cost effective and easier way to develop materials for high
performance applications. Generally, blends are of three types-miscible, immiscible
and partly miscible. The miscibility has a direct connection with the morphology
and properties. Miscibility is also dependent on the interfacial tension, viscosity and
process conditions and technologies. A huge percentage of the reported works in
blends contain polyolefins. On analyzing the miscibility of the liquid mixtures, it
was noted that at the interface between low molecular weight liquid in an immiscible
liquid mixture, there exists a tension-the interfacial tension. When polymer blends
are mixed, shear or elongation processes distort the minor phase into long fibrils
or thin films, which are then broken down into minute particles. Lesser interfacial
adhesion prevents shear stress from moving from one phase to the next, hence higher
interfacial tension implies lower interfacial adhesion [24].

Intermolecular forces, chain entanglements, or both are used to establish adhe-
sion through interfaces between phases or materials is considered as interfacial adhe-
sion. When two separate materials are fused, merged, or mixed, interfacial adhesion
occurs. Typically, to improve interfacial adhesion, a mixture of materials with similar
properties, such as hydrophilic fillers and hydrophilic matrices or hydrophobic and
hydrophobic materials, must be used, resulting in a close bond between the two.
Instead, when hydrophobic and hydrophilic materials are combined, there must occur
some problems. Interfacial adhesion is an important parameter to define the dimen-
sional stability of materials. The schematic representation of the above statement is
given in Fig. 1. It is clearly indicated that when A and B are of different nature a
distinct interface exist between them.

Interfacial interactions are generally characterized using microscopic techniques
and poor interfacial adhesion results in poor mechanical properties. In the case of
blends and composites, the demand is always to enhance the miscibility. Generally
miscible and partially miscible blends make the processing easier. When it comes to
the immiscible blend system, different methods have been employed to enhance the
interfacial adhesion. These methods are generalized by the term compatibilization
and the materials which enhance the interaction are called compatibilizers. A variety
of materials are being incorporated in different immiscible systems as compatibi-
lizers—fibers, metal oxides, clays, nanoparticles, biopolymers, etc. The mechanism
of compatibilization is very simple, the material added for this will have affinity
towards both the phases and thus forms bond between the two. Even though they are
immiscible, due to the common dissolved materials, they tend to interact with each
other through the new added phase/material. There are different ways to implement
compatibilization. Other than compatibilizers, introducing functionalities which can
react with the immiscible phases are efficient in improving the adhesion.

Normally the polyolefin- polyolefin blends appear to be miscible, but a huge
number of reports are available on the miscibility of these blends. Polyolefin based
blends and composites are very important in the application point of view. Among
the polyolefins, polyethylene and polypropylene are used more widely. The adhesion
in polyolefin blends is enhanced by means of fillers. The following discussion will
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A+B

Interaction of hydrophilic A+ hydrophobicB
The interface is also indicated

Fig. 1 Schematic representation of the interfacial interaction of like and unlike materials

be about the different types of modifications implemented so far in the case of
most common polyolefins. Polyethylene, the common plastic material in applications
worldwide, can be blended with polystyrene. The polymers interacted through graft
polymerization. The high molecular weight polymer servs as a compatibilizing agent.
Even with a catalytic amount of the polymers better interfacial adhesion and reduced
particle size were resulted [25]. Even with the addition of compatibilizing agents,
the processing conditions will change the adhesion and morphology (Fig. 2). One
such example is the study done with PE/PS and PP/PS blends with and without
compatibilizing agents and with different mixing strategies such as single-screw,
twin-screw and an internal mixer. The studies on morphology revealed that the single-
screw extruded materials gave better adhesion [26].

With the change in interfacial interactions, the morphology also changes. By
examining the morphology, the miscibility and reduction in interfaces can be
predicted. Also the effect and interaction of the compatibilizer can also be analyzed
[28]. When compared to the other polyolefins, the polycarbonate shows more adhe-
sion towards the PE phase. The improvement in adhesion resulted in the enhance-
ment of mechanical properties and this was owed to the debonding mechanism of
the blend system. The debonding relieves the triaxial tension in front of the crack
tip, followed by shear banding of the PC matrix. The fact was a surprise as there
were no visible reactive functionalities in PE and PC but an assumption can be made
that the mixing was done in the brabender and this will cause the breakdown of PE
polymer(oxidation) into finer PE particles and these particles can penetrate into the
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d.70PS - 30PE e.85PS - 15PE

Fig. 2 Morphology of different composition blends if polyethylene and polystyrene (Reproduced
with permission from [27])

polycarbonate chains by making available suitable reaction sites [29]. The compat-
ibilization can also be done by certain chemicals like dicumyl peroxide [30]. The
interfacial adhesion can also be enhanced via the addition of co polymers with both
polar and nonpolar functionalities. The otherwise immiscible NBR and polyolefins
can be made compatibilized by the aforementioned way. The added copolymer along
with the melt mixing enhances the compatibilization action.

Another common procedure is the filler addition. With the inclusion of different
fillers, the blends which are immiscible or in compatibilized can be made compat-
ible. In their study, Pracella et al., investigated the effect of different types of
natural fibers in polyolefin systems. In the report, they have included the compos-
ites of isotactic polypropylene (PP), polystyrene (PS), poly (ethylene—vinyl acetate)
(EVA) as matrices and cellulose fibers, hemp or oat as natural fillers. Bi-functional
monomers (glycidyl methacrylate, GMA; maleic anhydride, capable of inducing
chemical interactions between the components during melt mixing) were used to
modify both polymers and fibers. As compatibilizers, reactive polyolefin copoly-
mers (PP-g-GMA, SEBS-g-MA, PS-co-MA, etc.) were utilized [31]. The addition
of fibers could not improve the morphology, but the reactive functionalities could.
The improved interfacial adhesion is revealed from the SEM micrographs of the
composites given in the Fig. 3.

Effect of addition of ethylene-based compatibilizers in the immiscible polybuty-
lene terephthalate (PBT) with very low-density polyethylene (VLDPE) was studies
and results suggest significant improvements in the mechanical properties through
modification of phase morphology and interfacial adhesion [32]. Surface function-
alization can also be suggested as a route to improve interfacial adhesion. Chlori-
nated polyethylene can act as a compatibilizer for the poly-(vinylchloride)/polyolefin
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Fig. 3 SEM micrographs of polyolefin composites. a PS/Cellulose b PS/oat ¢ cellulose modified
with grafted polymer d PS-co-MA/cellulose e PS/oat/PEG f PS/Calcium carbonate/graft polymer
(Reproduced with permission from [31])

elastomer blend system. According to the findings, the improvement in interfacial
adhesion between the PVC and the POE is significantly greater with the blocky
chlorinated PEs than with the randomly chlorinated Pes [33]. The studies on the
composites and blends of polyolefins with and without functionalization and fillers
are still a hot topic of research. The publications are beyond the limit and above the
scope of this chapter. The interfacial properties can also be enhanced by an advanced
technology called plasma modification.
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4 Plasma Modification in Polyolefin Blends

The surface modification of polyolefins becomes necessary when cases arise where
the mixed polymers are incompatible or the processing become difficult. The plasma
modification is a superior technique where surface functionalities are introduced by
the irradiation with suitable source. Plasma is created when enough energy is applied
to a gas, causing the electronic structure of the atoms or molecules to reorganize,
resulting in the generation of excited species and ions. The theory and other details
are already mentioned in previous chapters. Corona discharge, which is produced
by electrifying gases inside a chamber, is one of the favorite methods to introduce
oxygen or other ions. It has been widely employed in the pretreatment of polyolefins
[34]. But the reports on the plasma modification of blends and composites seems to
be very less compared to the other modification methods (Fig. 4).

It has been shown that oxygen plasma can create a variety of oxygen func-
tional groups at the surface of olefins, including C=0, C-O, OCO, COO— and
CO3™. In a reported work, the polymer substrates made up of a polypropylene—
polyethylene were investigated copolymer with a high percentage of PP and a
mixture of ethylene—propylene rubber in the range of 15 to 60 mol%. For graft
polymerization, plasma pretreatment was utilized to create reactive radicals and
oxygenated groups on the polymer surfaces. It was concluded that plasma pretreat-
ment endorsed the ethylene—propylene rubber component of the substrate, and that
the ethylene—propylene rubber concentration was related to graft yield [35]. Low
density polyethylene(PDPE)-casted polypropylene(CPP) films were modified by
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Fig. 4 Schematic representation of the effect of plasma irradiation on surface of a material
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Fig. 5 ATR-FTIR results to confirm the introduction of surface functionalities (Reproduced with
permission from [36])

capacitively-coupled radio-frequency oxygen plasma of field strength 13.56 MHz,
essentially, to raise the quantity of active molecules attached to them [36] (Fig. 5).

In another report, to enhance the dispersion of the filler in the polymer matrix
and decrease space charge buildup by modifying the charge trapping capabilities of
these silica/PP/POE blends composites, the compatibility of silica with the PP/POE
blends matrix must be increased.

A polypropylene (PP) blend used for automotive bumper fascia was subjected
to surface modifications using a radio frequency Ar-plasma treatment. According
to surface characterization, the Ar-plasmatreatment on a PP blend surface turns
the wholly annular surface into a locally dimpled surface, resulting in improved
wettability. The increased wettability and interfacial adhesion between the PP blend
substrate and bumper coating layers can be attributed to the observed surface char-
acterization and morphologies [37]. The ambient pressure air discharge is observed
to change the morphology and structure of the PP base, as shown by the following
results: the spherulitic characteristics of the pristine PP film’s layer transform into
arbitrarily shaped surface appendages as the processing time is increased; highly
oxidized carbon species are present on the plasma-processed surface, and the
contact angle is significantly decreased from 93.7° for the untreated surface to 53.8°
post-treatment [38].

Plasma modification can be done to enhance the interaction between fillers and
blend system in composites. The aim of one such modification on polypropy-
lene/polyolefin elastomer blend was to optimize the compatibility of silica filler
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Fig. 6 Schematic representation of the process of plasma modification of silica particles to enhance
the interaction with the PP/POE blend matrix (Reproduced with permission from [39])

with the PP/POE blends mixture in terms of improving filler dispersion in the
polymer matrix and to inhibit space charge deposition by changing the charge sealing
properties of such silica/PP/POE blends composites [39] (Fig. 6).

Wood fiber was modified using argon and air-plasma to enhance the compati-
bility with polypropylene(PP) and the surface characterization suggested enhanced
oxygen/carbon ratio after the treatment [40]. PP/PS interface was modified by surface
modification of polypropylene (PP) film is induced by CO; plasma [41]. The hexam-
ethyldisiloxane (HMDSO)-radiofrequency plasma was employed on PP fabric to get
the inorganic surface [42]. By analyzing a sample made of polypropylene (PP) deco-
rative paper, the substrate, treated with low temperature plasma PP surface treatment,
and coated with waterborne primer coating and topcoat material, to investigate the
effects of plasma treatment on waterborne painting film adhesion. According to
the findings, plasma treatment reduced the water touch angle on the surface of a
PP decorative board material and increased the surface free energy and roughness.
Besides that, plasma alteration can provide a large number of oxygen-containing
active elements on the surface of the PP decorative material, which aids in the dissem-
ination, adsorption, and adhesion of waterborne paints on the surface [43]. In recent
years, the cold atmospheric pressure plasma jet (CAPPJ) has gotten a lot of attention
for materials processing applications including surface alteration and biomedical
applications. The surface properties of polypropylene were modified using a cold
atmospheric pressure plasma jet maintained in pure argon [44]. Thus the plasma
modification on blends can be used to enhance filler-matrix interaction, wettability,
as coating on surface and for introducing functionalities.

Plasma modification has been successfully employed to improve the interfacial
adhesion between nonpolar PE powder and polar polyamide prepared via rotational
molding [45]. PE powders first treated with plasma [46] to impart fuctional groups
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such as hydrauxyl, which interact with CONH groups present in the polyamide.
Multilayer rotomolded treated PE and polyamide blends have been produced and
compared their properties with untreated PE polymamide blends prepared in same
manner. They found that improved joint strength is a result of chemical bonding
and mechanical anchoring. In another work, plasma modified PE powder has been
incorporated as filler in natural rubber matrix and compared the properties with
samples with unmodified PE [47].

5 Plasma Modification in Polyolefin Composites

Being nonpolar in nature, polyolefine find difficulty to prepare composite with impor-
tant fillers like cellulosic fibers, glass fibers etc. which are highly polar because of
the lack in interfacial adhesion. Plasma modification of polyolefin surface found to
be innovative method to enhace the reactivity of the polymer surface by introducing
several functional groups on it. Consequently these polar fuctional groups allow
possible interaction with OH groups present in cellulosic fibers and glass fibers.

Adhesion between glass fibers and plasma treated PE has been anlysed by Novacek
and also compared it with that of industrially using chemical bonding agents [46].
Previously, research is focused mostly on the modification of inorganic fillers and
fibers by themselves or combined with chemical agents to enhance the interfa-
cial strength. But this work measure the adhesion properties of the low tempera-
ture plasma-modified PE powder onto glass sheet surfaces in comparison with the
commonly used chemical modifiers MAH and silane, and the examination of the
dependence of the adhesion to the glass on the plasma treatment time of PE. Adhe-
sion and mechanical properties were studied by Universal testing machine and the
interface was closely examined using SEM. It was found that the maximum mechan-
ical properties has been shown by the sample in which good interfacial adhesion has
been observed.

As a continuation of the previous work, glass fibers composites based on unmod-
ified and plasma modified polyethylene matrixes were successfully manufactured
via rotational moulding [48]. Plasma treatment of PE powder improves the mechan-
ical properties of the composites produced using treated powder comparing to the
composites produced using untreated powder. Tensile strength increased by 10%
as the fiber content increased up to 10 wt.%, Tensile modulus, increased as the
fibers contents increased for all composites, composite prepared with treated powder
showed even higher modulus.

The natural fibre composites gained major attention in this era because of the
environmental concerns and their specific advantages over synthetic fibre compos-
ites. natural fibre composites there is usually limited interfacial bonding between the
hydrophilic fibres and matrices which are commonly hydrophobic leading to limited
mechanical performance. The used methods to enhance compatibility and interfacial
adhesion in natural fibre composites are the use of compatibilizer and modifications
of fibres or polymers. Plasma modified polyethylene (PE) was used as the matrix
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for coir fibre reinforced composites [49]. The use of compatibilizers, and chemical
modification of fibre or polymer is a usual practice to improve the interfacial adhesion
and to make the fibre and polymer matrix compatible [S0-52]. Here, plasma modifi-
cation of PE was introduced as a new method to improve the compatibility between
hydrophobic PE and hydrophilic natural fiber. Plasma modified PE (PPE) and coir
fibre composites have been manufactured using different preparation methods. The
mechanical properties of the composites obtained from UTM were compared with
unmodified PE/coir fibre composites. The newly prepared thermoplastic compos-
ites based on PPE and modified coir fibre showed lower water absorption due to
better fiber/matrix interaction. We could observe different kinds of interfaces in the
composites. In the plasma modified one, a good wetting of fibre by the matrix elimi-
nated the possible microvoids. Finally, it is important to add that plasma modification
of the polymer was found to be an effective technique to improve the compatibility
between polyethylene and natural fibre.

Rotomoulding is an important pressureless processing method in the polymer
industry which can produce stress free products. Use of composite material in roto-
moulding is facing a lot of issues because of the filler aggregation and lack of good
adhesion with polymer matrix. We successfully prepared plasma modified PE/natural
fibre composites with improved properties [53]. We have created four different types
of interfaces these include PE/natural fibre, PE/bleached natural fibre PPE/natural
fibre, PPE/bleached natural fibre. Among all, PPE/bleached natural fibre showed the
best balance of properties. SEM images given in Fig. 7, showed that a strong inter-
facial interaction between natural fibre and polymer matrix is possible with plasma
modification of PE matrix. Plasma treatment modifies the surface of powder polymer
to become more hydrophilic by imparting functional groups on it. This could improve
the compatibility between the polymer matrix and natural fibre. Finally, it is impor-
tant to add that plasma modification of PE coupled with mild bleaching of natural
fibre is an excellent cost effect technique for the manufacture of rotomoulded natural
fibre composites of PE having good mechanical properties and moisture resistance.

Fig. 7 SEM image of a PPE coir fiber composite and b untreated PE coir fiber composites
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6 Applications of Plasma Modified Polyolefine Blends
and Composites

The surface treated polyolefins and their blends and composites can be used in many
fields such as biomedical, electrical, electronics, coatings, and so on. Environmental
applications such as antifouling is important in water treatment. Plasma treatment
can be utilized for introducing antifouling coatings on low density polyethylenes
(LDPEs). Pandiyaraj and colleagues explained how they used atmospheric pressure
non-thermal plasma (APNTP) assisted copolymerization with a mixture of acrylic
acid and polyethylene to produce antifouling functional coatings on the surface of
low density polyethylene (LDPE) films (ethylene glycol) [54]. Polyethylene is an
important material in the fabrication of separators in lithium —ion based batteries.
Many research works applied different types of plasmas to modify the surface of
the films. Plasma modification is also meant to enhance the electrolyte retension
and wettability, ionic conductivity and adhesion [55—60]. Similarly polypropylene
membranes are also employed [61-63].

Plasma modified polylefine blends have been employed in biomedical applica-
tions such as in tissue engineering [64] Ultra-High-Molecular-Weight-Polyethylene
(UHMWPE) is a promising material in the biomedical field [65]. Another important
application of plasma modified polyolefin composites are in the field of antibacterials.
PET/PP films were treated with ambient pressure plasma before being assembled
with chitosan and various preservatives and used for antimicrobial food packaging
[66]. For food packaging applications the barrier properties should be improved. This
can also be done with plasma modification [67]. Most of the reported application
of plasma modified polyolefins are for polyethylenes and polypropylene along with
fillers for the above mentioned applications.

7 Conclusion

Polyolefine blend and composites have great importance many application. However
the lower surface energy of polyolefin demand the use of chemical compatibilizing
agents or chemical modifations to have enough interfacial adhesion, which is neces-
sary for the required performance of blends and composites. The negative impact of
using chemicals and solvents can be avoided by plasma modification of polymer, a
new method to improve the interfacial adhesion. By this way polyethylene compos-
ites of natural fibers and glass fibers have been successfully manufactured which
possess improved properties. Plasma modified polyolefin exhibited good bonding
with other polymeric materials even with polyamide that are polar in nature.
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