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PREFACE

In recent years, the development of advanced high performance composite materials made from natural fibers was mainly focussed on achieving high modulus and strength materials.

However, the high strength is not sufficient, as some of the materials possess brittle nature (the overall elongation to fracture is small), and one of the more important performance criterion should be the ability to absorb energy and resist impact loadings. The manner in which a composite material deforms and subjected to fractures depends upon both the chemical and mechanical properties of three basic constituents: the fibers, the matrix and a fine interphase region (sometimes referred to as the interface) responsible for assuring the bond between the matrix and fiber. The relative energy absorbing capability of the composite fracture modes (such as delamination, intralaminar matrix cracking, longitudinal matrix splitting, fiber/matrix deboning, fiber pull-out and fiber fracture) depends upon the basic properties of the constituents as well as the loading mode. It is known that the failure modes that involve fracture of the matrix or interphase region result in low fracture energies whereas the failures involving fiber fracture points to significantly greater energy dissipation.

Blending of thermoplastic matrices with elastomers, tuning the interfaces of fibers and thermoplastic elastomeric matrices by using suitable compatiblisers and modifying the fibers as well as matrix using various surface modification techniques are emerging as solutions to the enhancement of impact response of polymer composites. In this work the natural lignocellulosic coir fiber was selected as reinforcement for binary blends of polypropylene (PP) and high-molecular grade ethylene-propylene-diene rubber (EPDM).The extremely hydrophobic nanocomposites coating based on fluoroalkyl functional siloxane (exhibits water as well as oil repellent properties) was given to the coir fiber surface using sol-gel technique.

The coir fibers were treated with O 2 plasma before applying FAS sol gel coating the fiber.

Binary blends of polypropylene (PP)/ ethylene-propylene-diene rubber (EPDM) at varying concentrations of EPDM of 2.5, 5, 7.5,10,20 and 30 parts per hundred (volume fraction,ϕ d =0.02, 0.04, 0.06, 0.08, 0.15 and 0.2) were prepared first by dry blending followed by melt compounding using a Brabender Plasticorder mixer . The blend composition of 100 parts per hundred(pph) polypropylene and 7.5pph EPDM was selected for composite fabrication , because it registered highest impact strength and the maximum pull out stress with coir fiber used in this study. Composites of PP/EPDM/Coir were prepared by varying the concentration of coir fiber of 10, 20, 30 and 40 pph (volume fraction ϕ f =0.07, 0.13, 0.19 and 0.24) using dry blending followed by melt mixing and compression moulding technique.

The entire thesis is classified into 7 chapters

The chapter 1 starts with a brief introduction to polymer surfaces and interfacial problems by giving descriptions about surface phenomena in polymeric materials an adhesion phenomena in bonding of polymers. Following these discussions, it then outlines most recent developments in the area of surface engineering of polymeric interfaces with special reference to plasma surface modification technique. Then it explores further discussions on plasma treatment of synthetic and natural fibers. Thereafter it illustrates a short description about organofunctioanl siloxane with special reference to fluoroalkyl-functional siloxane.

The topics lignocellulosic coir fiber and impact modification of polypropylene were discussed further. Finally the objectives of the thesis will be defined.

The chapter 2 provides the details of different materials used in this work, the experimental techniques and procedures followed for developing the samples etc. It also gives the details of the characterization techniques used for analysing the samples developed in this study.

The Chapter 3 investigates the O 2 plasma induced effects on the surface properties of lignocellulosic natural coir fibers. . It includes plasma surface modification of coir fibers, optical emission spectroscopy to characterise plasma , the analytical techniques to characterise the fibers such as water absorption studies, morphological investigations using scanning electron microscopy (SEM) analysis , topographic measurements using atomic force microscopy (AFM) analysis and determination of elemental composition on coir fiber surface using X-ray photoelectron spectroscopy (XPS) analysis.

Chapter 4 investigates the fluoroalkyl functional siloxane (FAS) based hydrophobic coating induced effects on surface properties of lignocellulosic natural coir fibers. It includes preparation of FAS solgel coating on coir fibers using spray dry cure method, wettability analysis, water absorption studies, scanning electron microscopy (SEM) analysis, atomic force microscopy (AFM) analysis and X-ray photoelectron spectroscopy (XPS) analysis Chapter 5 discusses about optimizations of coir fiber characteristics and blend formulations for composite fabrication. It explains the breaking strength analysis of elementary as well as FAS coated fibers using tensile testing method. It further discusses the procedure for melt blending of polypropylene (PP) and high-molecular grade ethylene-propylene-diene rubber (EPDM) with different constitutive ratios. The tensile, impact and flexural analysis results of all blend formulations are discussed in detail. The morphological examinations of cryofractured and impact fractured surfaces were done using SEM and HRTEM to identify mechanisms of toughening in PP/EPDM blends. The low shear rate rheology and dynamic viscoelastic properties of blends were carried out to study rheological behaviour of PP/EPDM blends. Non-isothermal crystallisation kinetics, nucleation activity and glass transition temperature of blends were investigated using DSC analysis. The maximum degradation temperature of blends was obtained by thermo gravimetric (TGA) analysis.

Chapter 6 provides details of preparation are characterisation of PP/EPDM/Coir composites.

The critical length of fibers & the fiber pull-out test results of uncoated and FAS coated coir fibers on all the PP/EPDM blend formulations are tabulated and discussed. The mechanical, morphological, rheological and thermal properties of PP/EPDM 7.5/Coir composites are tabulated and the inferences are discussed. The tensile, impact and flexural analysis results of all composite formulations are discussed in detail. The morphological examinations of cryofractured surfaces were done using HRTEM and impact fractured surfaces were done using SEM to identify mechanisms of toughening in PP/EPDM/Coir composites. The low shear rate rheology and dynamic viscoelastic properties of composites were carried out to study rheological behaviour of PP/EPDM/Coir composites. Non-isothermal crystallisation kinetics, nucleation activity and glass transition temperature of composites were investigated using DSC analysis. The maximum degradation temperature of composite was obtained by thermo gravimetric (TGA) analysis.

Chapter 7 provides a summary of all the chapters and objectives for future research work. 

TABLE OF CONTENTS

ABSTRACT

With the advent of emerging technologies all over the world at the end of 20 th century and in the beginning of 21 st century, the polymers have played a huge role in transforming the conceptual ideas into structural integrities useful for the mankind. New polymers are synthesised and the existing polymers are modified in order to meet the manufacturing requirements of engineering industries all over the world. The behaviour of polymers at the interfaces is of fundamental importance in a wide range of technologies and applications.

Adhesion problems exist with the bonding of polymers, the adhesion of coatings to the polymer surfaces and interface / interphase problems associated with melt blended polymers and polymer micro as well as nano composites are recurring and challenging areas in polymer based industries. By a thorough understanding of the surface and interface phenomenon in polymer multiphase systems, one can engineer the interfacial properties by controlling the interface/interphase region leading to the development of advanced materials with multifunctional properties. The first part of this chapter discusses most recent developments in the area of surface engineering of polymeric interfaces with special reference to plasma surface modification technique. Then it explores further discussions on plasma treatment of synthetic and natural fibers. Thereafter it illustrates a short description about organofunctioanl siloxane with special reference to fluoroalkyl-functional siloxane. The topics lignocellulosic coir fiber and impact modification of polypropylene were discussed further. Finally the objectives of the thesis were outlined.

Introduction

With the growing global energy crisis and ecological risks, polymers are playing a vital role in five major areas where the needs of society faces huge technological challenges. It includes energy, sustainability, health care, security and informatics, defence and protection [1]. In order to fulfil the aforesaid diverse societal needs, advanced polymeric materials are developed either by synthesising new polymers or through the modification of existing polymeric materials. In most of the cases researchers always opt for the modification of existing polymers rather than synthesising new polymers considering the cost aspects.

Polymers are a major class of materials and possess a very wide range of mechanical, physical, chemical, and optical properties. Polymers have increasingly replaced metallic components in various applications. These substitution reflect the advantages of polymers in terms of corrosion resistance, low electrical and thermal conductivity , low density, high strength-weight ratio(particularly when reinforced), noise reduction, wide choice of colours and transparencies, ease of manufacturing and complexity of design possibilities and relatively low cost .The major classification of polymers include thermoplastics, thermosetting plastics, biodegradable plastics and elastomers (rubbers).

The behaviour of polymers at the interface/interphases is having prime importance when advanced materials are developed via polymer modification techniques. Adhesion problems exist with the bonding of polymers, the adhesion of coatings to polymer surfaces and interface problems between different phases of melt blended polymers and polymer composites are recurring and challenging areas in polymer based industries. By a thorough understanding of the surface and interface phenomenon in polymer multiphase systems, one can engineer the interfacial properties by controlling the interface/interphase region leading to the development of advanced materials with multifunctional properties.

The first part of this chapter covers concise introduction to polymeric materials, followed by a description on their structure, properties, and applications. Then it addresses the salient features of polymer surfaces and interfacial problems with a brief overview of surface phenomena and adhesion phenomena in bonding of polymers. Finally, the major part of this chapter covers the relevance of plasma processing on polymeric materials and interfaces. This part starts with a basic introduction, continues with discussions on mechanism of plasma surface modification and effects of plasma treatment on fibers. Thereafter this chapter covers about plasma treatment of synthetic and natural fibers, organofunctioanl siloxanes with special reference to fluoroalkyl-functional siloxane, lignocellulosic coir fiber, impact modification of polypropylene and finally the objectives of the thesis were outlined.

Polymer surfaces and Interfacial problems

To meet specific applications in par with growing demands of polymer industries, the nature of the polymeric material formulations are too complex to allow for the simultaneous optimization of bulk and surface properties. Due to the complexity in polymer formulations, it is also difficult to obtain both bulk and surface properties through a single polymer processing operation. Pre/post treatment of polymeric surfaces has, therefore, become a common practice in the fabrication of many polymeric materials and its end products. The ultimate aim of polymer surface modification is, either increase the potential for surface interactions (e.g., adhesion promotion or to obtain a hydrophilic surface) or to decrease the degree to which the surface interacts with a given material (e.g., release or antifouling applications or to obtain a hydrophobic surface). Hydrophilicity, hardness, adhesion, antifouling, antifogging, lubrication, biocompatibility, and conductivity, among others, are considered to be the main properties in demand.

The surfaces and interfaces of polymers are known to have important role in the final properties and end use applications of polymeric products. In the case of inhomogeneous polymer blends and composites, the interfaces between different phases are the decisive factor for final mechanical properties [2]. Not only the strength properties, even the aesthetic properties of the polymer product which might critically influence the decision for the purchase of the product, corrosion or scratch résistance, texture etc. are determined by surface composition and structure.

Hydrophilicity of a solid surface is an important property because controlling the surface wettability is crucial in many practical applications [3]. Surfaces with water contact angles larger than 150 0 are termed as super hydrophobic (SH) surfaces. These type of surfaces have enormous applications in areas such as antisticking, anti-contamination [4] and self-cleaning [5] etc. Based on the observations inspired from nature, it can be inferred that, the special functionalities of polymeric surfaces are usually not governed by the intrinsic property of materials but are more likely related to the unique micro-or nanostructures. Latest researches in this domain trends are now focussing on responsive wettability of surfaces. By combining special topographic structures onto functional surfaces with responsive wettability helps in designing surfaces with responsive switching between superhydrophilicity and super Studies on O2 plasma modification and fluoroalkyl functional siloxane (FAS) coating effects on natural lignocellulosic coir fibers... Praveen Kosappallyillom Muraleedharan 2018 hydrophobicity. A thorough knowledge of surface phenomenon in polymers as wells as adhesion phenomena in bonding of polymers is essential to design the surface modification strategies suitable for respective material surfaces with specific properties.

Surface phenomena in polymers

Last few years has witnessed the dedicated research on surface modification of polymeric materials because of its enormous applications in applied surface science and engineering. It includes applications in biomaterials, coatings and thin films, demanding the smooth, coloured or scratch resistant surfaces, appearance, durability and stability which are directly or indirectly linked with external interfaces. Also the gross behaviour (bulk properties) of material requires properties such as toughness or impact resistance of polymers, which are connected with defect, void or crack formation, which involves internal interfaces. The polymer surfaces are different in nature compare with its bulk part due to difference in molecular weight, addition of functional modifiers such as surfactants, compatabilizers, coupling agents, antioxidants, fire retardants etc., segregated lower energy components such as lubricants, and migration of additives across the interfaces while contacting with another surfaces. The most acceptable method to read the surface characteristics and to measure the surface energy state is the determination of surface tension. This is done by examining the outermost layers of atoms which is typically below 0.2nm depth [6]. The work which is required to increase the size of the surface of a phase is referred to as the surface tension. If the phase is a solid, the equivalent term surface free energy is commonly used. If the adjacent phase is a liquid or a solid, reference is made to interfacial tension. Compared with the bulk phase, a molecule at the surface of a material meets fewer molecules with which it can form interactions. Presence at the surface is therefore less beneficial from an energy point of view.

However the property, surface tension, reflects the strength of bonding within the bulk material. The energy necessary to break these bonds is called the surface energy. In thermodynamics perspective, the surface tension can be define as the partial differential of the Gibbs free energy (G) of the system with the respect to the area (A), at the constant temperature (T) and pressure (P) [7].

In the thermodynamic consideration of surface energy, the surface free energy can be defined as the excess of free energy associated with the surface (A), between the total free energy (G) of the system (G) and the one in the bulk (G B ) [7].

…………………………….. (2)

Hard solids are referred as "high energy surfaces" (e.g. metals and their oxides, ceramics having surface tension ~500-5000 mJ/m 2 ) due to its very different binding forces (covalent, ionic, metallic). Weak molecular solids and liquids are referred as low energy surfaces (surface tension < 100 mJ/m 2 ) due to van der Waals forces and hydrogen bonding. Most of the polymers are considered as low energy surfaces where the interactions between the chains are dominated by van der Waals forces and hydrogen bonds. Surface and interfacial tensions of polymers significantly effect in wetting and coating processes, in melt blending of polymers and its composites, behaviour of colloidal dispersions, adhesion, friction, biocompatibility and also in corrosion and adsorption processes. The surface tension of polymers, in general, is determined from the contact angle analysis by positioning a liquid on the sample surface as shown in Fig. 1. On the other hand the interfacial tension between different polymers and between a polymer and a substrate is much more difficult to obtain than surface tension. The reason for difficulty in measurement of interfacial tension is due to high viscosities of materials, long time scales for achievement of equilibrium and sample decomposition etc. However the interface width and compatibility of polymer materials can be determined on the basis of model assumptions using mean field theory [6].

Fig.1.1 Schematic illustration of contact angle measurement

Adhesion phenomena in bonding of polymers

According to ASTM International, the "adhesion" can be defined as a state in which two surfaces are held together by interfacial forces, which may consist of valence forces or interlocking forces or both [7] . Though adhesion is an interfacial phenomenon, the experimentally measured adhesion depends upon many factors in addition to events at the adherend-adherate interface. The material which adheres to the adherent is known as adherate. Thin films, thick films, coatings, and paints etc are common examples of adherate.

An adhesive is a special type of adherate in which it adheres to two adherends [8]. The materials which are commonly used as adhesives fall under the category of polymeric materials. Only high molecular weight materials having long-chain molecules are expected to possess pronounced adhesive properties [9]. It is important to mention that, rather relating adhesion to wetting, where it is incorrectly approached the bonding as a thermodynamically reversible phenomenon, the testing of bond strength by analysing type of failure though determination of the type of separation is more practical approach for quantifying adhesive bond strength. Adhesion reflects not only fundamental adhesion (refers to the forces between atoms at the interface) but also the mechanical response of the adhesive, substrate and interfacial region (Practical adhesion-refers to the results of the various tests of adhesion of adhesive joint or coating or composites such as shear, peel, tensile strength obtained from the related tests). The prime requirement for a successful bond between two phases is to establish contact at a molecular or atomic level. It can be seen that there is no unique mechanisms of adhesion applicable to all adhesion cases and particular case of adhesive bonding needs to be studied and explained. In order to derive some useful predictions associated with adhesion phenomena at polymer-polymer interfaces, mechanical theory, adsorption theory, chemical theory, diffusion theory, electrostatic theory, rheological theory and weak boundary layer theory etc. are studied by various researchers. Mechanical theory of adhesion relates the interlocking (on a macro scale a well as on a micro scale) of the solidified adhesive material with the roughness and irregularities of the surface. However the attainment of good adhesion with smooth adherands (such as glass, where surface roughness is comparatively low) restricts the general validity of mechanical theory. The adsorption theory works based on the concept of adsorption and it proposes that the formation of a strong bond between adhesive and adherent is attained via intermolecular forces. On the basis of the magnitude of bond energy, the types of bonds are classified into primary bonds (ionic, covalent, metallic) and secondary bonds (van de Waals etc.). Chemical theory considers molecular bonding as the most widely accepted mechanism for explaining adhesion between two surfaces in close contact. This theory explains intermolecular forces between adhesive and substrate are due to dipole-dipole interactions, van der Waals forces and chemical interactions (that is, ionic, covalent and metallic bonding). According to diffusion theory, diffusion of polymeric chains across the interface determines the adhesion strength. Appreciable diffusion does not take place in systems involving one or more hard solids (such as metals, glass, oxides, etc.) under normal conditions of temperature and time scale. According to Electrostatic theory, when two dissimilar polymeric materials are brought into contact, a charge transfer takes place which results in the formation of an electrical double layer. According to rheological theory adhesion occurs due to the interpenetration of substrates across an interface. Weak boundary layer theory (WBL) explains the premature adhesive failure due to the existence of WBL"s at the surface [10]. The right blend of knowledge of the chemical composition of the polymer surfaces along with adhesion strength tests will uncover the correlations between the chemical bonding mechanism and adhesion. By modifying the surface chemical structures, the adhesion strength can be tailored for specific applications.

Surface modification strategies in polymer multiphase systems

One of the principal focus of research in polymer surface science and interfacial engineering has been on improving adhesion at the polymer-polymer interface in order to achieve useful polymer blends and tailored composites. Multiphase polymer blends or composites often have poor physical properties because of low adhesion at the polymer-polymer interface. It is known that, for compatibilization, the favourable enthalpic interactions between the segments of a block copolymer and a homopolymer substrate will enhance adhesion by virtue of interpenetration of the copolymer segments into that phase. As the availability of such preformed copolymers is limited, a potentially viable alternative is to form these copolymers in situ by reactive processing during blending, coextrusion, or thermal lamination using functionalized polymers. i.e., the functionally reactive groups can be attached directly to the two immiscible polymers of interest or attached to other polymers which form miscible mixtures with these phases. The chemical reactions at the polymer-polymer interface are also responsible for promoting adhesion. These principles were widely adopted for developing polymer blends/composites which shows toughness characteristics [11]. The surface modification of polymeric materials has been of great research interest in the last few years because of its importance in applications such as biomaterials and coatings [12]. Among the various known techniques, three major surface modification principles which allow the optimization of functional polymer architectures are surface segregation, surface structure, and surface reorganization. These functional polymer architectures can be used for producing adhesive and release surfaces, the suppression of dewetting by the use of functional additives to lower the surface tension of a coating, and the creation of smart polymer surfaces with selective adhesion properties [13]. If the goal of surface modification is to create a hydrophobic surface, then the functional group usually has a lower surface free energy than the polymer backbone and if adhesion promotion is the objective of surface modification, then functional group will have higher surface energy than polymer backbone. In order to design functionalised polymers fundamental knowledge of different facets are required. It includes the appropriate selection of chemistry to introduce specific functional groups, different techniques to incorporate functional groups, processing, rheology, interfacial adhesion, mechanical properties, morphological analysis of blends, fracture characteristics etc.

Plasma processing of polymeric materials

Plasma-based technologies are emerging to be a proven technology which provides an efficient, economic and versatile solution to adhesion problems. Plasma technologies find increasing applications in the domain of polymer chemistry in terms of both materials processing and synthesis .Plasma based technologies can be used to synthesise new class of polymeric materials, with a unique set of properties from an organic or mixed organic-inorganic precursor , for which the structure-property relationships can be varied considerably depending on the final application .Using plasma as a surface modification technique, polymer surfaces can be activated with specific functional groups thereby design the surfaces for various applications of interest (i.e., for the treatment of polymer substrates by a reactive or inert gas aiming at a specific surface functionalization).

The plasma is defined as a partially ionized gas containing ions, electrons, various neutral species and photons at many different levels of excitation. Khelifa et.al proposed a more accurate definition of plasma based on the works of Grill and Bittencourt as "a quasi-neutral gas of charged and neutral particles characterized by a collective behaviour" [14]. When various plasma species interact with a polymer surface, a number of physical and chemical changes occur at the plasma-surface interface. If the objective is to modify the polymer surface using plasma, upon plasma treatment, the free electrons gain energy from an imposed Studies on O2 plasma modification and fluoroalkyl functional siloxane (FAS) coating effects on natural lignocellulosic coir fibers... Praveen Kosappallyillom Muraleedharan 2018 electric field, colliding with neutral gas molecules and transferring energy. These collisions and transfer of energy form free radicals, atoms and ions which then interact with the solid surfaces placed in the plasma. i.e., the energy and momentum of the plasma activated species will be transferred to the lattice atoms at the solid surface. This leads to drastic modifications of the molecular structure at the surface, providing the desired surface properties [15]. do not require special handling and are readily removed by the vacuum system. To understand the complex reaction between the plasma and the surface of the polymeric material, the understanding of the plasma parameters and their effect on the surface modification is essential. It is important to consider the effect of all the plasma properties including microscopic plasma parameters like ion energy, ion flux, degree of ionization, etc.in addition to macroscopic properties such as excitation source power and time of exposure to analyse the surface modification of polymers. Optical emission spectroscopy, Langmuir probe analysis etc are the commonly used techniques to characterise plasma and diagnose plasma parameters [16].

The three competing mechanisms which alter the polymers upon plasma treatment are ablation, cross linking and functionalization. The above three mechanisms occur simultaneously to initiate the required change. The extent of each mechanism depends on the chemistry and the process variables.

Ablation

Ablation results in the evaporation of surface material. Upon treatment, the plasma breaks the covalent bonds of the polymer backbone by bombardment with high-energy particles such as free radicals, electrons and ions. As a result, long molecules become shorter, their volatile oligomers and monomers boil off (ablate) and are swept away with the exhaust. The bond breaking occurs on the polymer surface usually with the oxygen plasma [15].

Crosslinking

Surface crosslinking is usually carried out with an inert process gas (oxygen-free argon or helium) and /or with noble gases. As there are no oxygen by-products in the plasma, the molecule can form a bond with a nearby free radical on a different chain (cross-link) [15].

Functionalization (activation)

In the activation process, the functional groups present on the surface of polymeric material are replaced with atoms or chemical groups from the plasma. In this process, upon plasma treatment the plasma breaks the polymer's backbone or groups from the backbone, creating free radicals on the surface. The new groups formed on the polymer surface can alter its adhesion characteristics. i.e., the type of atoms or groups substituted during plasma treatment determines how the surface will behave [15].

From the engineering point of view, the modified polymer surfaces are very important as they serve as interfaces of blends/composites which are used for high-performance applications [17].

Plasma treatment of fibers

Plasma surface modification is an effective approach to enhance the surface properties of fibers and fabrics in many applications. Natural fibers (such as cellulose based fibers, lignocellulose fibers etc), synthetic fibers such as glass fibers, carbon fibers etc, polymeric fibers and/ or even metallic fibers can be modified by plasma treatment technique. The plasma surface treatment modifies the chemical and physical properties of fibers which in turn compatibilises their reinforcements in composite systems. Since the fibers and matrices are chemically different strong adhesion at their interface is needed for the effective transfer of stress and bond distribution throughout the interface. The plasma surface modification improves the bonding strength between fibers and matrix without affecting their bulk properties. The plasma treatment of fibers can increase its surface energy by modifying the surface chemistry. Greater surface energy corresponds to greater chemical reactivity and compatibility.

Plasma treatment of synthetic fibers

The synthetic fibers such as carbon fiber, glass fiber, aramid fiber, kevlar fiber, graphite fiber etc are known to possess good mechanical properties and also having a well-developed manufacturing base. However these fibers having a "weak" outer layer which causes reduction in mechnical properties when embedded in polymer matrices.The surface modification techniques are employed to remove the "weak" outer layer of the material which in turn increase the number of surface active groups, thus providing a more intimate contact between the fiber and the polymer, either by enhancing the level of van der Waals forces, or to facilitate covalent bond formation [18]. The chemical surface modification techniques usually poses health and safety and environmental risks. Also it is easy to over-treat and damage parts.The plasma surface modification is emerged as an environmental friendly technique for the surface engineering of both synthetic as well as natural fibers. The plasma treatment of carbon fibers have been studied by various research groups [19][START_REF] Zhao | Mechanical properties of sisal fiber reinforced high density polyethylene composites: Effect of fiber content, interfacial compatibilization, and manufacturing process[END_REF][START_REF] Srubar | Mechanisms and impact of fiber-matrix compatibilization techniques on the material characterization of PHBV/oak wood flour engineered biobased composites[END_REF][START_REF] Pracella | Functionalization, compatibilization and properties of polyolefin composites with natural fibers[END_REF] in order to obtain better adhesion ,interfacial properties with polymer matrices and resulting mechanical properties of the composites. Oxygen plasma treatment in case of carbon and polymeric fiber materials increase the degree of nano-roughness on the surface and removes contaminant substances. The surface of the plasma treated fibers was rougher than that of pristine fibers leading to more mechanical interlocking. After plasma treatment, different polar functional groups such as carboxyl and hydroxyl groups were observed on the surface of carbon fibers.

Lee et.al. reported that obtained surface characteristics by plasma treatment will help to overcome the drawbacks of recycled CF by restoring mechanical and chemical properties comparable to those of fresh carbon fier reinforced plastics (CFRP) [START_REF] Haque | Physico-mechanical properties of chemically treated palm and coir fiber reinforced polypropylene composites[END_REF]. Okajima et al reported that the plasma activated carbon fibers (ACFs) were used as the electrodes of an electric double-layer capacitor and showed an enhanced capacitance effect after a RF-plasma treatment [START_REF] Karmarkar | Mechanical properties of wood-fiber reinforced polypropylene composites: Effect of a novel compatibilizer with isocyanate functional group[END_REF].

Plasma surface treatment of glass fibers shows the improvement of interfacial shear strength (IFSS) properties [START_REF] Yang | Effect of compatibilizing agents on rice-husk flour reinforced polypropylene composites[END_REF][26] 

Organo functional siloxanes

Polysiloxanes are a large and most important group of various inorganic-organic (hybrid) compounds and materials, composed of silicon and oxygen atoms in their main chain and organic substituents bound to silicon..Organofunctional sioxanes are hybrid compounds that combine the functionality of a reactive organic group and the inorganic functionality of an alkyl silicate in a single molecule. Organofunctional silanes act as molecular bridges between organic polymers and inorganic materials. A schematic diagram is shown in figure Fig. 4. The choice of functional group X will depend ultimately on the nature of the organic polymer. Commercially available silanes contain amino, epoxy and glycidoxy, mercapto and sulfido, isocyanate, methacryloxy and vinyl groups. Bonding to the inorganic material is effected by way of the hydrolyzable functional groups -OR. The most common of these are the methoxy and ethoxy substituents. The silane"s alkoxy groups hydrolyze in the presence of moisture to form reactive silanols. These either react with themselves to form oligomeric siloxanes, or else react with the inorganic substrate [45].

Fluoroalkyl functional siloxane (FAS)

If the functional group"X" denotes an organic polymer having formula (CH2)nCm F2m+1 ,it belongs to the class of fluoroalkyl-functional siloxane.The complete structure is shown in figure Fig. 5. It exhibits benifits such as extremely low surface tension, incompatibility with aqueous and non-aqueous media and aesthetics. Due to its low surface tension chracteristic,it can be used for producing release surfaces.It also finds applications in stain resistant and easy clean coatings, non-aqueous antifoams, crude oil, solvent borne coatings, coatings for special effects, hammer finish, oil resistant elastomers, auto parts and where oil resistance/chemical resistance is required [46]. 

Lignocellulosic coir fiber

Coir is known to be an inexpensive fiber among the various natural fibers available in the world.Coir is a natural lignocellulosic fiber obtained from the fibrous mesocarp of coconut, the fruit of coconut tree (Cocos nucifera) cultivated extensively in the tropical countries.

Coir fiber is obtained by dehusking the coconut fruit. The major step involved in dehusking is a bacteriological process known as retting.Retting involves soaking the husks in saline backwaters for about 4 to 12 months. During this process, the phenolic material is removed, which gives strength to the outer covering of the husk. It loosens the fiber interior and as a result the fibers can be easily extracted [47]. Coir is a hard fiber having length varying from 150 to 300 mm and diameter of 250 to 350 µm depending on the type of the coconut. The physical properties and chemical composition of coir fiber are tabulated in Table 1.9 Coir is a multicellular fiber which contains 30 to 300 or more cells in its cross section, which is polygonal to round in shape. These cells are 12-14 µm in diameter and are arranged around the central pore that is called lacuna. Like other natural fibers, the microstructure of coir fiber comprises of different hierarchical structures. Each fiber cell is constituted by four concentric layers , with the "primary" layer on the outside and three "secondary" layers inside (viz. outer secondary wall, middle secondary wall and inner secondary wall) . Primary layer is porous in nature and these pores act as diffusion paths of water through the layer. It is initially cellulosic but become lignified on growth. It also consists of pectin and other nonstructural carbohydrates. The secondary layer is developed on to the inner surface of the primary layer, which comprises of a number of cylindrical, long, sheath-like and anisotropic cellulosic micro-fibrils. These cellulosic microfibris are surrounded and joined by a macromolecular network of lignin-hemicellulose matrix.

All the secondary walls are fibrillar in nature and vary in composition and microfibrillar angle (orientation of the micro-fibrils,i.e., micro-fibrils present in the middle secondary wall are spirally arranged about the fiber axis at an angle). The lumen in the centre of the fiber contributes to the water uptake properties of the fiber [48] .

Cellulose is a linearly aligned polymer which contains anhydro-β-D-glucopyranose units linked by 1,4-oxygen linkages. Cellulose is polymorphic and exist in two crystalline forms cellulose-I and cellulose-II. The cellulose-I is highly crystalline with about 80% crystallinity whereas celluloseII is comparatively less crystalline (60%). The crystallinity of the fiber is Pectin is located between the cellulose microfilaments of the cell wall. Pectins are polyuronides and consist exclusively of galacturonic units. Pectins decrease as plant tissues mature and it may undergo transformation to hemicellulose and lignin.

Lignin is a complex amorphous cementing material, which consists of phenyl propane derived structural units nonlinearly and randomly linked. The structure of lignin is complicated by the various ways in which these units are joined. The lignin content increases as the plant matures and the fiber becomes stiffer and tougher [50].

Impact Toughening of Polypropylene

Polypropylene (PP), a thermoplastic polymer is known to be one of the widely used commodity plastic due to its good mechanical, electrical, and chemical properties and good 

CHAPTER 2 MATERIALS AND METHODS
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Experimental

Materials used

The polymer matrix used for this study was Repol H350FG polypropylene supplied by Reliance Industries Ltd., Mumbai, India, with a melt flow index of 38g/10 min (230°C/2.16 kg) .The property profiles of polypropylene calculated experimentally are displayed below. dampers and air springs. The semi-crystalline nature balances low temperature performances with mechanical properties and process behaviour. This grade is very suitable for dynamic applications, soft solid parts as well as thermoplastic elastomers (TPV). The specialisty of EPDM grade (Keltan 9565Q) used here is characterized by its exceptionally high molecular weight, which gives the synthetic rubber its extremely high NR-type strength and resilience.

This grade also still features the heat, weathering and ozone resistance typical of EPDM rubber. Keltan 9565Q is thus not only superior to natural rubber in terms of heat aging but can also offer this benefit in highly dynamic applications. In addition, this new ultra-highmolecular Keltan grade opens up new potential for more economical EPDM processing compared with NR [1]. The property profiles obtained from datasheet are depicted below. 

Preparation of fibers

The coir fibers collected from the supplier is washed thoroughly with water to remove dust and impurities from these fibers. The cleaned fibers dried in a vaccum oven at 100 0 C for 24 hours to remove moisture content of the fibers.

Plasma modification of fibers

The oxygen plasma pre-treatment was performed to enhance the hydrophilic behaviour of coir fibers which in turn increase the effective concentration of the FAS network on the coir fiber surface (discussed in section 2.1.2.3). The schematic illustration of oxygen plasma treatment of coir fiber surface is shown in figure Fig. 2.1.

Fig.2.1 Schematic illustration of oxygen plasma treatment of coir fiber surface

The plasma experiments were conducted in two different discharge chambers having chamber volumes, say 17 litres and 3.1 litres respectively. These two chambers are known to be large and small chamber respectively. This is illustrated in the following as two different cases.

Case 1

Coir fibers were mounted into large discharge chamber of plasma system as shown in Fig. 1. Weakly ionized oxygen plasma was created in discharge chamber of volume 17 litres by an inductively coupled radiofrequency (RF) discharge. The RF generator operates at a frequency of 27.12 MHz and at power of about 500W. The plasma generated in this chamber is uniform all over the volume (Figure 1). The power density is estimated to be 500 W / 17 L = 30 W / L. The treatment for further analysis was done at two different treatment conditions.

The pressure was set to 75 Pa and the treatment time was 20 and 30s. 

Case 2

Coconut fibers were mounted into the small discharge chamber of plasma system as shown in Fig. 2. Weakly ionized oxygen plasma was created in discharge chamber of volume 3.1 L by an inductively coupled radiofrequency (RF) discharge. The RF generator operates at a frequency of 27.12 MHz and at power of about 500W. The power density is estimated to be 500 W / 3.1 L = 160 W / L. The plasma in the smaller reactor is confined to the lower half of the reactor (where plasma glows). Since there is no visible glowing in the upper part, this volume is not affected. It can be stated that, as plasma is confined to only one half of the glass tube (Fig. 2), therefore the "real" power density is estimated to be 300 W / L ( Accounting about half of the geometrical volume of the discharge tube, i.e., 500W / (3.1L / 2)

~ 300W/L ).
The treatment for further analysis was done at two different pressures; 75 Pa and 50

Pa and at 5 different treatment times; 1, 3, 5, 10 and 15s. 

Optical emission spectroscopy

Optical emission spectroscopy was used to characterise plasma in the empty discharge chamber and in the chamber containing fibers. Fibers were placed approximately 1 cm from the glass tube at the height of 19 cm measured from the bottom of the glass tube. Optical emission spectra were recorded by Avantes Ava Spec 3648spectrometer. The device is based on Ava Bench 75 symmetrical Czerny Turner design with a 3648 pixel CCD detector with the focal length of 75 mm. The range of measurable wavelengths is from 200 nm to 1100 nm and the wavelength resolution is 0.5 nm. The spectrometer has USB 2.0 interface, enabling high sampling rates of up to 270 spectra per second. Signal to noise ratio is 350:1. Integration time is adjustable from 10 s to 10 min. At integration times below 3.7 ms, the spectrometer itself performs an internal averaging of spectra before transmitting them through the USB interface. For our particular case, the spectra were averaged over three sub-sequent measurements.

Water absorption studies

The water absorption capacity of the untreated and plasma-treated coir fibers was performed according to the standard ISO9073 Where, m w is the mass of a wet sample and m d is the mass of a dry sample.

Scanning Electron Microscope (SEM) Analysis

Surface features of pristine and plasma-treated coir fibers were analysed by scanning electron microscopy, Jeol JSM 7600 FEG. Coir fibers were sputtered with gold and operated at 8 kV.

The samples were examined at 500× and 1000× magnification, and the changes of morphology were examined after 30 s and 60 s of plasma treatment in a large discharge chamber. The changes of morphology were examined after 10 s of plasma treatment for the case when small chamber was used for plasma generation.

Atomic Force Microscope (AFM) Analysis

Topographic features of fibers were monitored by atomic force microscopy (AFM, Solver PRO, NT-MDT, Russia) technique in the tapping mode in air. Samples were scanned with the standard Si cantilever with a force constant of 22 N/m and at a resonance frequency of 325 kHz (tip radius was 10 nm and the tip length was 95 m). The imaging was done on 5 × 5 m 2 and 2 × 2 m 2 areas on the untreated sample and the one treated in oxygen plasma for 30 s for the case where large chamber was used.

X-ray photoelectron spectroscopy (XPS) Analysis

Surface of fibers were analysed with an XPS instrument TFA XPS Physical Electronics. The base pressure in the XPS analysis chamber was about 6 × 10 -8 Pa. The samples were excited with X-rays over a 400µm spot area with a monochromatic Al K α1, 2 radiation at1486.6 eV.

The photoelectrons were detected with a hemispherical analyser positioned at an angle of 45 0 with respect to the normal of the sample surface. The energy resolution was about 0.5 eV.

Survey scan spectra were obtained at a pass energy of 187.85 eV, while the C1s, O1s and N1s individual high-resolution spectra were taken at a pass energy of 29.35 eV and a 0.1-eV energy step. All spectra were referenced to the main C1s peak of the carbon atoms which was assigned a value of 284.8 eV. The XPS spectra were measured on pristine coir fibers and on on fibers treated with oxygen plasma at 50 Pa and 75 Pa for 10 s (the samples were analysed immediately after plasma treatment)in the case of when small chamber is used for plasma treatment. The concentration of the different chemical states of carbon in the C1s peak was determined by fitting the curves with symmetrical Gauss-Lorentz functions. The spectra were fitted using MultiPak v7.3.1 software from physical electronics, which was supplied with the spectrometer. A Shirley-type background subtraction was used.

Fluoroalkyl functional siloxane (FAS) Sol-Gel coating on coir fibers

The surface modification of lignocellulosic coir fibers was done with the use of low-pressure oxygen plasma, followed by the application of a spray-dry-cure sol-gel coating with the water and oil repellent organic-inorganic hybrid precursor fluoroalkyl-functional siloxane (FAS), with the aim of creating the extremely hydrophobic coir fiber surface. The plasma pre-treatment increased the effective concentration of the FAS network on the lignocellulosic coir fibers.

The sol-gel is an organic-inorganic nanocomposite coating, with a thickness of about 50 nm.

The spray-dry-cure method was used to coat FAS on the surface of lignocellulosic natural coir fibers. The schematic illustration is shown if figure Fig. 

.3.1 Wettability analysis

Contact angle measurements were performed using a Digidrop (GBX, France) contact angle instrument. Measurements were taken at 20°C and 48% RH. An air sprayer system is used to deposit micro-and nanoscale liquid droplets on coir fiber surfaces. It generates ultra-small droplets by mixing macro scale droplets with a jet of compressed air. Commercially available atomizers are able to spray ultrafine droplets with a wide range of sizes. The contact angle is measured using the image of a sessile drop at the points of intersection (three-phase contact points) between the drop contour and the projection of the surface (baseline).For precision, contact angle was measured for at least five specimens of both control as well as coated fibers, and the measurements were repeated 5-10 times on different places of the same sample. The measurements of contact angles were carried out using several different liquids for which at least one is non-polar and two must be polar, and then the dispersive and polar components of the surface can be determined.

By using water (polar), ethylene glycol (polar) and tricresylphosphate (TCP-nonpolar) as the test liquid medium, the measurement of contact angle, the dispersive and polar components of the surface are determined. In a simple system where a liquid (L) adheres to a solid (S), the work of adhesion is defined as

W A =ϒ S +ϒ L -ϒ SL …………………………………………………….. (2.2)
Where ϒ S , ϒ L and ϒ SL are the total surface free energy of the sample to test (solid surface), total surface free energy of the test liquid and total surface free energy of the solid-liquid interface respectively.

A very useful expression for adhesion work is (Young-Dupre´ equation)

W A = (1+cosθ)ϒ L ……………………………………………………….(2.3)
Where "θ" is the contact angle measured on the examined true surface (the contact angle of the liquid on the solid surface in air). We can express the total surface free energy of any sample as a sum of components due to dispersion forces (ϒ d ) and polar (e.g. dipolar and hydrogen bonding) forces, ϒ p .

I.e. ϒ= ϒ d + ϒ p ………………………………………………………… (2.4)

Similarly the work of adhesion can be expressed as

W A= W A d + W A p …………………………………………………………. (2.5)
Firstly, the surface energy values were calculated by using Owens-Wendt formula (based on geometric mean approach) as shown in Equation (2.2) [2]. Where ϒ LW is a nonpolar London/van der Waals component and ϒ AB is the polar(acid-base component). The acid-base component, ϒ AB comprises of two non-additive parameters.

W A = (1+cosθ)ϒ L = 2[(ϒ L d ϒ S d ) 0.
These acid-base interactions are complementary in nature and are the electron-acceptor surface tension parameter (ϒ + ) and the electron-donor surface tension parameter (ϒ -). Thus the total acid-base contribution to the surface free enrgy is given by

ϒ AB = 2(ϒ + ϒ -) 1/2 …………………………………………....(2.8)
Therefore the work of adhesion is defined as,

W A =2[(ϒ L LW ϒ S LW ) 0.5 + (ϒ L + ϒ S - ) 0.5 + (ϒ L -ϒ S + ) 0.5 ]………… (2.9)

Water absorption studies

The water absorption capacity of the untreated and FAS coated coir fibers were performed according to the standard ISO9073-6:2003 with measuring the water absorbency time and water absorptive capacity. The detailed procedure is given in section 2.1.2.2.2.

Scanning Electron Microscope (SEM) Analysis

Surface features of the pristine and FAS coated coir fibers were analysed by scanning electron microscopy technique using Jeol JSM-6031 scanning electron microscope. Initially untreated as well as coated coir fibers were sputter-coated with a thin gold layer using Edwards Sputter Coater. The samples were examined at 100×, 1000x and 2000× magnification, and the changes of morphology were examined for control as well as FAS coated samples.

Atomic Force Microscope (AFM) Analysis

Initially the lignocellulosic natural coir fibers were glued onto a metallic disk for imaging under atomic force microscopy (AFM). The obtained samples were imaged by atomic force microscopy (AFM) with a multimode equipped with the nanoscope III-a (Bruckernano, Santa Barbara, USA). The AFM was used in contact mode imaging. The tips 240 (DNP-10, Bruckernano) were made of Si3N4 and had a 0.24 N/m nominal spring constant. The deflection set point was chosen at the limit of the tip retraction. Surface scans of 5µm 2 and 10 µm 2 square areas were performed at 22 0 C in atmosphere for different sample positions. The imaging speed was between 1 and 2 Hz depending on the surface. The pictures obtained were processed with NanoScope(R) Analysis v1.5 software.

X-ray photoelectron spectroscopy (XPS) Analysis

Surface of fibers were analysed with an XPS instrument TFA XPS Physical Electronics. The base pressure in the XPS analysis chamber was about 6 × 10 -8 Pa. The samples were excited with X-rays over a 400µm spot area with a monochromatic Al K α1, 2 radiation at1486.6 eV.

The photoelectrons were detected with a hemispherical analyser positioned at an angle of 45• with respect to the normal of the sample surface. The energy resolution was about 0.5 eV.

Survey scan spectra were obtained at a pass energy of 187.85 eV, while the C1s, O1s, N1s, Si1s and F1s individual high-resolution spectra were taken at a pass energy of 29.35 eV and a 0.1-eV energy step. All spectra were referenced to the main C1s peak of the carbon atoms which was assigned a value of 284.8 eV. The XPS spectra were measured on pristine coir fibers and on fibers coated with fluoroalkyl-functional siloxane (FAS). The concentration of the different chemical states of carbon in the C1s peak was determined by fitting the curves with symmetrical Gauss-Lorentz functions. The spectra were fitted using MultiPak v7.3.1 software from physical electronics, which was supplied with the spectrometer. A Shirley-type background subtraction was used.

Melt blending

Ethylene-propylene-diene rubber (EPDM) and polypropylene was first dried under vacuum at 80°C for 4h to remove moisture and, therefore, to minimize the hydrolytic degradation during processing. Binary blends of polypropylene (PP)/ ethylene-propylene-diene rubber (EPDM) at varying concentrations of EPDM of 2.5, 5, 7.5,10,20 and 30 parts per hundred (volume fraction,ϕ d =0.02, 0.04, 0.06, 0.08, 0.15 and 0.2) were prepared first by dry blending followed by melt compounding using a Brabender Plasticorder mixer (model W 50 EHT).

The volume fraction, ϕ d, of the blending polymer was calculated using equation 2.3.

( ) ( )

Where W is the weight and ρ is the density of the constituents, subscripts 1 and 2 describing the discrete and continuous phases respectively.For fabricating the composites, firstly the coir fibers was first dried in an oven under vacuum , at 100°C for 24h in order to reduce the humidity content to less than 3 wt%. The pull-out tests were conducted in MTS Synergy RT1000 testing apparatus at 23°C , relative humidity of 48% and crosshead speed of 1 mm/min up to rupture. At least six samples were tested for fiber embedded length of 40mm in PP/EPDM matrix and the average values are reported. To find out the critical length of coir fiber in PP/EPDM 7.5 matrix, different embedded fiber lengths of 40mm, 30mm, 20mm, 10mm, 5mm and 2.5mm in PP/EPDM 7.5 matrix were tried.

Mechanical property analysis

Impact analysis

Notched Izod impact tests were performed using a Tinius-Olsen machine at ambient temperature (23°C). Specimens for Izod tests were cut from the compression moulded specimens according to ISO 180 A. Results were obtained from the average of at least 10 samples for each set.

Tensile analysis

Tensile values of neat polypropylene,PP/EPDM blends and the composite samples were measured by MTS Synergy RT1000 testing apparatus at 23°C and a relative humidity of 48%

according to ISO 527. The tensile sample was clamped on a universal MTS type tensile testing machine fitted with a 10kN capacity load cell and loaded at a constant crosshead displacement rate of 1 mm/min up to rupture. An MTS extensometer was used with a nominal gauge length of 25 mm. The tests were carried out at least 6 times for each sample and the results were averaged arithmetically.

Flexural analysis

Flexural tests of neat polypropylene, PP/EPDM blends and the composite samples were performed by MTS Synergy RT1000 testing apparatus at 23°C and a relative humidity of 48% according to ISO 178. The sample was clamped on a universal MTS type tensile testing machine fitted with a 200N capacity load cell and loaded at a constant crosshead displacement rate of 1 mm/min up to rupture.An MTS extensometer was used with a nominal gauge length of 25 mm. The tests were carried out at least 6 times for each sample and the results were averaged arithmetically.

Morphological Analysis

High resolution transmission electron microscopy (HRTEM)

The morphology structure of PP/EPDM blend was observed by means of Transmission electron microscopy (TEM) (JEM-2100 HRTEM). ). The micrographs were obtained in point to point resolution 0.194 nm, operating at an accelerating voltage of 200 kV. Ultrathin sections of bulk specimens (Cryocut specimens ~ 100nm thickness) prepared using an ultramicrotome (Leica, Ultracut UCT) were placed on a 300 mesh Cu grids (35mm diameter) and were analysed without staining.

Scanning Electron Microscopy (SEM)

The morphology of cryo-fractured and impact fractured blend as well as impact fractured composite surfaces were analysed using a Jeol JSM-6031 scanning electron microscope. To see the morphology of cryo-fractured surfaces, the sample cut from the compression moulded specimen is fractured in liquid nitrogen parallel to the thickness direction in order to reveal the internal morphology and to find out the failure mechanism in blends. Initially, both the cryo fractured as well as impact fractured surface of the specimens was sputter-coated with a thin gold layer (Edwards Sputter Coater) before viewing it under scanning electron microscope.. heating rate of 10 0 C/min, held at 190 0 C for 5 minutes to remove previous shear, processing, mechanical, thermal and crystallisation history. The melt is then cooled to -90 0 C/min at 10 0 C/min and the resulting exotherms in the cooling curves were recorded.

Differential

Thermo gravimetric analysis

TGA measurements were carried out using a Perkin-Elmer thermal analyzer at a heating rate of 10°C/min under a dynamic nitrogen atmosphere with a flow rate of 80 mL/min from 20 to 700°C.

Rheological Analysis

The low shear rate rheology (for shear rates from 0.001 to 100 sec-1) and dynamic 

CHAPTER 3 PLASMA SURFACE MODIFICATION OF LIGNOCELLULOSIC NATURAL COIR FIBERS

Plasma surface treatment

During the exposure of fibers to oxygen plasma, which is typically red in colour, also white and green colour of plasma was observed just in-between fibers. This could be due to etching of coir fibers and release of carbon oxide and some other, probably nitrogen based substances. Thermal effect during plasma treatment of fibers is important as we observed heating of samples close to the glass chamber. Longer treatment times (more than 15 s) were no longer appropriate due to temperature effects on the fibers, in the case when small chamber was used for plasma treatment. In the case of large chamber, time of coir fiber treatment was limited to 30s. 

Optical Emission Spectroscopy

The optical spectrum of oxygen plasma in an empty chamber presented in Figure 2.1 is plotted in Figure 3.2. A couple of lines at the wavelength 777 and 845 prevail. These lines arise from relaxation of highly excited oxygen atoms at the excitation energy of about 11 eV.

The radiation appears spontaneously as soon as an atom is exited to these energy levels. The intensive radiation indicates high chemical reactivity of oxygen plasma created in the glass chamber. There is also a band between roughly 500 and 600 nm and it corresponds to radiative transition of CO molecules (the Angstrom band). The appearance of this band is explained by pollution of the discharge chamber with organic impurities because this chamber is frequently uses for modification of various organic materials. Fig. 3.2 An optical spectrum acquired in the small discharge system at the absence of coir.

The spectrum of plasma in the same chamber but loaded with coir fibers is shown in 

Water Absorption Studies

Samples were tested for water absorption, about 2 h after treatment. The results of water absorbency time and water absorptive capacity of untreated and plasma treated samples are shown in Table 3.1. The untreated fibers are very hydrophobic as it is evident from the very long time 

Scanning Electron Microscope (SEM) Analysis

The SEM analysis of plasma treated samples, when both small chamber and large chamber are used separately for plasma generation, is discussed here. In the case of small chamber used for plasma generation, as the most differences according to water absorption studies were noticed on samples treated for 10 s, further analysis of these samples were done with SEM. SEM analysis gave us better insight on changes in surface morphology, as we could observe that already pristine natural fibers have non uniform morphology with long cracks and small voids which are in some cases closed with small bundles (Figure 3.5a and In the case of large chamber used for plasma generation, after 30 s exposure to oxygen plasma we observe changes in morphology, as the surface seems to be etched by reactive oxygen species and becomes rougher. Morphological features become more pronounced as can be seen in Figure 3. 

Atomic Force Microscope (AFM) Analysis

The AFM analysis of plasma treated samples, when both small chamber and large chamber are used separately for plasma generation, is discussed here. In the case of large chamber used for plasma generation, AFM analysis was done on untreated and 30 s treated sample in the case of large chamber when used. The changes in topography are presented in AFM analysis of fibers enabled us to observe differences in surface topography and viscoelastic properties on the nanoscale. Although natural coconut fibers are not uniform and statistical analysis is not possible with AFM technique, we could observe difference between untreated and plasma treated fibers. It seems that untreated fibers have rougher surface as can be seen form height images in Figure 3.7 a, c, e and g. This could be explained by etching of the surface of coconut wall. Difference in viscoelastic properties of the surface can be seen from phase image, especially at higher magnification (Figure 3.

f and h).

Here we can see uniform grain structure on the untreated surface; while on the treated surface black patches observed and are correlated with different surface properties.

X-ray photoelectron spectroscopy (XPS) Analysis

XPS analysis was done on coconut fibers before plasma treatment and immediately after 10s of plasma treatment at 50 Pa and at 75 Pa, when small chamber is used for plasma generation. The oxygen content increased on all plasma treated surfaces. A bit higher oxygen content was measured for samples treated at 50 Pa (oxygen increased from initial 18 at% to about 32 at %.).Increase in oxygen content is the result of incorporation of novel oxygen functional groups [27]. Reduced oxygen content due to etching effects could be to some point appointed to removal of lignin, which has less oxygen. The O/C ratio for lignin is about 0.35, while cellulose, hemicellulose and pectin have higher ratio about 0.83. Some lignocellulosic materials can have also silicon in their composition (Rosas et al Hemp-derived activated carbon fibers by chemical activation with phosphoric acid. Fuel, 88 (2008) 19-26.), which was noticed also on untreated fibers and was slightly reduced after oxygen plasma treatment (from 3.4 at% to about 1.3 at %). Slight increase in nitrogen functional groups was also observed on the surface after plasma treatment, especially for the case when fibers were treated at 50 Pa for 10s, for this case nitrogen content increased from initial about 1.1 at% to about 4.1 at%. 
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Fig. 3.8c XPS Spectrum coir fiber after 10s of plasma treatment at 75 Pa

INFERENCES

The following inferences are formulated based on the results obtained from the experiments and analysis. The inferences are categorised into following two cases based on the volume of chamber used for plasma generation.

Case 1

In the case of large chamber used for plasma generation, preliminary results on the effects of plasma treatment on water absorption and topography of coconut fibers clearly show that changes of surface properties have been made. Water absorption has increased drastically after 20 s of treatment from initial 39% to 99%, and after 30 s of treatment to 100%. This could be explained also from AFM analysis, where difference in topographic features and phase images show etching of coconut wall, which removes the first layer of coconut fiber and thus enables higher water absorption. SEM analysis also confirmed morphological changes which were observed already after 30 s of plasma treatment. Longer exposure to oxygen plasma showed drastic changes in surface morphology, as the surface in this case did not have such distinct morphological features.

Case 2

In the case of small chamber used for plasma generation, preliminary results on the effects of plasma treatment on water absorption and topography of coir fibers clearly indicates the enhancement of surface properties of fibers. Water absorption has increased already after 1 s of treatment form initial 39 to 68% and 76% for 50 Pa and 75 Pa treatment conditions, respectively. It was observed that water absorption was higher for fibers treated at 75 Pa. The most prominent increase in water absorption was noticed after 10s of treatment for both treatment conditions (50 Pa and 75 Pa). These fibers were analysed in detail by SEM and XPS. SEM analysis showed changes in morphology as etching of the surface seems to take place and probably removes waxes, pectin and lignin from the surface. The surface becomes smoother and holes on fibers become more pronounced. Difference between etching of fibers treated at 50 Pa and 75 Pa was not observed with SEM. However XPS results

showed that fibers treated at 50 Pa had more pronounced chemical changes. Increase in oxygen functional groups was noticed on both plasma treated samples, but a slightly higher increase was noticed for fibers treated at 50 Pa. Interestingly less silicon was observed on all plasma treated surfaces. It is hard to determine which material was removed by plasma treatment, as removal of lignin could be connected to higher oxygen content which can in the present case be also due to functionalization with novel oxygen functional groups from plasma.

CONCLUSIONS

In the present study, an attempt has been made to investigate the effect of oxygen plasma treatment on the surface modification of coir fibers. Weakly ionized oxy-gen plasma was created in discharge chamber by an inductively coupled radiofrequency (RF) discharge.

The plasma experiments were conducted in two different discharge chambers having chamber volumes, 17 L and 3.1 L, respectively. The pressure was set to75 Pa and the treatment time was 20 s and 30 s, when 17 L chamber was used for plasma generation. For the 3.1 L chamber used for plasma generation, the plasma treatment was done at 2 different pressures (75 Pa and 50 Pa) and at 5 different treatment times (1, 3, 5, 10 and 15 s). The water absorption studies showed an increase in water absorption from 39% to about 100%.

The morphological study using SEM analysis also confirmed changes in the surface topography after plasma treatment. The topographic measurements done using atomic force microscopy showed etching of fiber wall which influences the higher water absorption. XPS analysis reveals that oxygen content measured for samples treated at 50 Pa increased from initial 18 at% to about 32 at%. This study explores the possibilities of plasma treatment as a viable technique for surface modification of natural fibers. By controlling the plasma parameters and by understanding the plasma chemistry, it is possible to effectively modify surfaces of natural fibers. From the engineering point of view, the modified fibers" surfaces are very important as they serve as interfaces of composites which are used for highperformance applications. 

CHAPTER 4 DEVELOPMENT AND CHARACTERISATION OF FLUOROALKYL FUNCTIONAL SILOXANE (FAS) BASED HYDROPHOBIC COATING ON LIGNOCELLULOSIC NATURAL COIR FIBERS 4.1 FAS Sol-gel coating

A sol of 10 % FAS was prepared in distilled water and applied to the plasma pre-treated coir fiber samples by the spray-dry-cure method, including full immersion at 20 0 C, followed by a wet pick-up adjustment to 85 %, drying at 100 0 C and curing at 150 0 C for 5 min. After the sol application, the samples were left for 14 days under standard atmospheric conditions (65 ± 2 % relative humidity and 20 ± 1 0 C) to allow the complete network formation of the applied finishes. The effectiveness of FAS coating was analyzed by studying water contact angle analysis, scanning electron microscopy (SEM), atomic force microscopy (AFM) and X-ray photoelectron spectroscopy (XPS).

Wettability analysis

The contact angle measurements were carried out on different conditions of coir fibers (untreated and FAS coated) using three different liquids (of which at least one is non-polar and two must be polar, and then the dispersive and polar components of the surface can be determined) to study the effect of the treatments on the hydrophobic nature of coir fibers.

Table 4.1 shows the average values of contact angle measured on the different conditions of coir fibers using three different liquids. [1,2,3,4]. The plasma pre-treatment increased the effective concentration of the FAS network on the lignocellulosic coir fibers, which resulted in enhanced repellency before and after repetitive washing, compared with that of the FAScoated fiber sample without the plasma pre-treatment. Barbara et al. also reported that the plasma pre-treatment enables the formation of the hydrophobic and self-cleaning properties of the FAS coated samples, which manifested as the simultaneous increase in the water contact angle and decrease in the water sliding angle. The same group also proved the oleophobicity of the FAS coated surface by measuring the contact angle of the formed surface by using n-hexadecane as the liquid. They obtained an oil contact angle of nhexadecane droplet equal to 140 0 C.The higher water contact angle and lower sliding angles undoubtedly underlines that the plasma pre-treatment contributed to the creation of the ""lotus effect"" (water to roll off the fabric surfaces very easily) on the FAS coated sample surface.

In Table 4.2, the surface energies of the untreated as well as FAS coated coir samples were calculated by using Owens-Wendt formula (based on geometric mean approach) to Lewis, the acidity can be calculated based on the probability of chemical groups to accept electrons whereas the basicity is the probability of chemical groups to donate electrons. The acid-base interactions include hydrogen bonds. Table 4.3 presents the surface energy of coir fibers measured experimentally using Acid-base approach. The FAS coating provide surface energy values significantly different than for uncoated fibers.

It can be inferred that, the hydophobic coating decreases the concentrations of water on the coir fiber surface which in turn leads to the slight decrease of Lifshitz-van der Waals components and the total surface tension. The most pronounced effect was observed for the acid-base parameters.i.e. in the case of untreated fibers, the presence of water causes a very high decrease in acid component and increases the base parameters of the coir fiber surface.

But in the case of FAS coated fibers, the inverse trend is observed, i.e. basic component of the free surface energy decreases to 0.8mJ/m 2 from 41.3mJ/m 2 and acid component of the 

Water absorption studies

Samples were tested for water absorption, about 2 h after treatment. The results of water absorbency time and water absorptive capacity of untreated and plasma treated samples are shown in Table 4.4. 

FAS COATED Infinite Infinite

The sample of uncoated as well as FAS coated coir fibers ( 5 can be validated using these results. Chapter 3 also explains the water absorptive capacity of these fibers with the aid of SEM. It can be seen that, long cracks and small voids which are present in uncoated fibers, are absent in FAS coated fibers. From the SEM images, it is evident that the FAS coating is sprayed uniformly all over the coir fiber surface. The hydrophobic behaviour of the FAS coated coir fibers, confirmed with water contact angle analysis results, can be validated with these SEM micrographs.

Atomic Force Microscope (AFM) Analysis

AFM images showing the surface morphology of uncoated and FAS coated fibers are presented in Figure 4.3 . Imaging was done in the tapping mode. In tapping mode, the tip is not in constant contact with the sample"s surface. Instead, the cantilever oscillates at its resonant frequency, which makes the tip lightly tap on the surface during scanning. A constant tip sample interaction is maintained by monitoring the oscillation amplitude and an image is obtained. This result points to fact that the plasma pre-treatment increased the concentration of the oxygen-containing functional groups on the surface of the plasma treated sample and the surface becomes hydrophilic. After applying the sol-gel FAS coating to coir fiber surface, two additional characteristic bands such as F 1s and Si 2p, were detected on the FAS coated coir samples, accompanied by a significant decrease in the carbon and oxygen concentrations, The plasma treated and sol-gel coated fibers sample spectra clearly shows a new peak at about 292 eV, which corresponds to fluoro functional groups.

Tensile Analysis of uncoated and FAS coated coir fibers

The determination of the mechanical properties was made in accordance with the NFT 25-704 standard which takes into account the compliance of the loading frame. For each kind of fiber, at least 50 fibers were tested. Before tensile test, the diameter of every fiber is measured with an optical microscope. The diameter taken into account is an average value from five points obtained along the fiber.

The images generated in desktop computer with the help of software and camera of optical microscope for the measurement of diameter of uncoated as well as FAS coated fibers are shown in Fig. 4.7.The diameter of 5 points along the fiber is measured and averaged. The average diameter of 50 samples was found to be 329.500µm. Where "σ" is the standard deviation

The average breaking force, breaking strength, Modulus, elongation at break of untreated fibers was found to be 6.4N, 108.1MPa, 1819.1MPa, and 4.6mm (45.9%) respectively. The average breaking force, breaking strength, Modulus, elongation at break of FAS coated fibers was found to be 9. 8N, 148.3MPa, 2004.6MPa, and 6.2mm It can be seen that the yield point of FAS coated fibers has been shifted to higher value compare with uncoated fibers. Materials with large areas under the stress/strain curve are known to be more effective energy absorbers (having high strain energy absorbing capacity).

It is also known that materials containing fibers with a greater strain energy absorbing capacity offering improved lzod energies. From the figure Fig. 4.9, it is clearly seen that FAS coated coir fibers gives large areas under the stress/strain curve compare with uncoated ones which points to the scope for improved izod energy when use with fiber reinforced composite systems.

Conclusions

The hydrophobic coating based on fluoroalkyl functional siloxane was found to be an effective coating to impart hydrophobicity to lignocellulosic natural coir fibers. The average water contact angle of FAS coated fiber reached to 112 0 from 48 0 for uncoated fiber. The total surface free energy dropped from 48mN/m for uncoated coir fibers to 22.4mN/m for FAS coated fiber also confirms the transformation to hydrophobic behavior of coated fibers.

The lower thermodynamic work of adhesion for FAS coated fibers is also an indication of improved hydrophobicity of coir fibers. The AFM observation points to the finding that the plasma pre-treatment helps in imparting the nanoscopic topography which leads to the formation of a dual micro to nano-structured composite fiber surface with a high content of air pockets, which significantly decreased the interfacial area between the water and the fibers after the sol-gel coating was applied and imparted the ""hydrophobic effect"" to the sample. A slight increase in surface roughness value is also reported. SEM micro graphs show the smooth surface morphology obtained for sol-gel coated fibers. XPS analysis shows that the characteristic bands F 1s and Si 2p, were detected on the FAS coated coir samples, accompanied by a significant decrease in the carbon and oxygen concentrations, which confirmed that the FAS coating was covered the lignocellulosic coir fiber surface. The tensile analysis performed on elementary as well as FAS coated fibers shows that the average breaking force, breaking strength, modulus and elongation at break of FAS coated coir fibers was found to be higher than uncoated coir fibers.

Polypropylene (PP) and ethylene-propylene-diene rubber (EPDM) blends

Pure polypropylene as well as PP/EPDM2.5, PP/EPDM5, PP/EPDM7.5, PP/EPDM10, PP/EPDM20 and PP/EPDM30 blend formulations were studied in order to find out one which shows highest impact properties and comparable tensile and flexural properties. Here PP denotes 100 parts per hundred polypropylene whereas EPDM2.5, EPDM5, EPDM7.5, EPDM10, EPDM20 & EPDM30 denotes 2.5, 5, 7.5,10,20 and 30 parts per hundred ethylenepropylene-diene rubber).The different compositions used for preparing blends are shown in with pure polypropylene. However at higher concentrations of EPDM content, the ductile behaviour of EPDM prevails over the effect of molecular weight and resulted in reduction of impact properties. Matsuoka [1] noted that in the glassy state, the molecular weight affects the toughness and impact strength of the polymer; impact strength increases with molecular weight.

Stricker et al. investigated that impact strength of pure polypropylene is almost independent of molecular weight, whereas impact strength of polypropylene blends increases strongly with increasing polypropylene molecular weight. This information is in line with the present findings. i.e., at lower concentration of EPDM swathe (i.e., at less than or equal to 7.5pph), the combined molecular weight of polypropylene & EPDM may have been contributed to the improvement in impact strength of PP/EPDM blends. The EPDM enhances the impact strength of PP to a significant extend. The enhancement of impact strength may be due to the occurrence of shear yielding at stress concentration points which give rise to local strain inhomogenities [2]. The decrease in impact strength after 7.5pph may be due to the formation of narrower ligaments than critical ligament thickness (interparticle distance). As a result, the crack engulfs the ligaments facilitating its propagation and decreases the impact strength [3].

Tensile analysis of PP/EPDM blends

Tensile testing of neat polypropylene, PP/EPDM blends were performed by MTS Synergy RT1000 testing apparatus at 23°C and a relative humidity of 48% according to ISO 527. The detailed procedure and conditions were given in section 2.1.2. the lowest yield strength value. Among all PP/EPDM blends, at EPDM content swathe less than or equal to 7.5 pph shows the highest fracture energy for the material. The area under the stress-strain curve gives the fracture energy of the material. Toughness is related to the area under the stress-strain curve. In order to be tough, a material must be both strong and ductile.

For example, brittle materials that are strong but with limited ductility are not tough; conversely, very ductile materials with low strengths are also not tough. To be tough, a material should withstand both high stresses and high strains. The large area under the stress strain curves of PP/EPDM blends at EPDM content swathe less than or equal to 7.5 pph shows the strain energy capacity of the material.

From the table 5.2 (section 5.5), it can be seen that % crystallinity value of PP/EPDM blend decreases with increase in EPDM content. PP has the highest % crystallinity value.

Among all PP/EPDM blend formulations, at the lower concentration of EPDM swathe (i.e., at less than or equal to 7.5pph) shows higher % crystallinity values. This information also points to the ability of the material to withstand high stresses. Similar effects were reported also in other toughned polymer systems where the descrete phase was elastomeric [4].

Flexural analysis of PP/EPDM blends

Flexural testing of neat polypropylene, PP/EPDM blends were performed by MTS Synergy RT1000 testing apparatus at 23°C and a relative humidity of 48% according to ISO 178. The detailed procedure and conditions were given in section2.1.2.6. Where "σ" is the standard deviation

In general, the impact resistance increases with concentration rubber particles (soft disperse phase), however it falls sharply when diameter of the rubber particle is reduced below a critical diameter. Toughness also decreases when the particle size is too large. The average diameter values of spherical EPDM particles in TEM morphology measured using Image J can be correlated with the impact strength values of PP/EPDM blends. One possible reason for increase in impact strength of PP/EPDM blend is , at lower loadings of EPDM could be the decrease in average diameter of dispersed particles at lower EPDM content leading to better dispersion EPDM in PP matrix. At higher loadings, the average diameter of dispersed particles exhibits an increasing trend as we increase the EPDM content resulted in decrease of impact strength values. i.e., the increase of EPDM content increased the average diameter of dispersed particles and causes a decrease in the number of dispersed EPDM particles, leading to the decrease of impact strength values. The obtained results are in line with the results obtained in literatures [5].

Scanning Electron Microscopy (SEM) Analysis

It is well-known that the principal mechanisms of inelastic deformation in rubber-toughened plastics are shear yielding and multiple crazing in the rigid matrix phase, and cavitation in the It is evident from the SEM morphology of impact fractured specimens that, the mechanically induced cavitation behaviour is responsible for the impact resistance of PP/EPDM blends.

Cavitation will usually occur preferentially in the soft phase, where the resistance to void expansion is very much lower. In all the SEM pictures of impact fractured surfaces, it can be clearly seen that the growth of the central void is accompanied by expansion of the surrounding rubber shell and yielding in the adjacent matrix. The obtained results and inferences are matching with the literature reports [6].

Rheological analysis of PP/EPDM blends

Low shear rate rheology

The low shear rate rheology (for shear rates less than 100 sec-1) of polypropylene and PP/EPDM blends were studied using an Anton Paar, CTD 450, Physica MCR 301 rheometer.

Before experiments, the samples were dried at 60 0 C for 12 h and compression moulded to the thickness about 2 mm. The viscosity versus shear rate of PP/EPDM blends were plotted in figure Fig. 5.7. It can be inferred from the plot that, as the EPDM content increases from 2.5 pph to 30pph, the viscosity in the low shear rate region shows a general increasing trend.

However as we increases the EPDM content from 5pph to 7.5pph, the viscosity value decreases, and beyond 7.5pph it increases significantly. At 7.5pph EPDM content, the viscosity value found to be the lowest comparing with polypropylene as well as other blend formulations used in this study.

As we increase the shear rate, the viscosity is found to be decreasing exhibiting a shear thinning behaviour. But at the beginning (shear rate from 0.001 to 0.01 1/s), the viscosity shows a small increase with shear rate. This could be due to i.e., at equilibrium and also at extremely low shear rates (less than 0.01 /s here), random collisions occur among particles which make it resistant to flow. As the shear rate increases, the particles start to flow forming layers of particles, which causes decrease in viscosity. It follows the same trend of the earlier findings of Metzner et al. [7] and also cited in reviews by Srivastava et.al [8] in their literature. 

Dynamic viscoelastic property analysis

The principle of parallel plate rheometery was used to find out dynamic viscoelastic properties of blends. The oscillatory frequency analysis was performed at a fixed strain (0.1%) corresponding to the linear viscoelastic domain and the frequency was varied in the range from 0.01-100 Hz. The viscoelastic properties such as storage modulus (G"), loss modulus (G"") and complex viscosity (η *) were measured as a function of angular velocity The complex viscosity found to be increases with increase in EPDM content. The effect of the EPDM is noticeable at low frequencies and the relative effect diminishes with increasing frequency due to shear thinning behaviour. This trend is in accordance with previous reports based on experimental observations for EPDM blended polypropylene blends [10]. Among all the blend formulations, EPDM 30 shows the highest value of complex viscosity even at highest value of frequency range chosen. The increase in viscosity may be attributed to hydrodynamic disturbance due to high viscous droplets of EPDM. The storage modulus (G") and loss modulus (G"") versus frequency is presented in figure Fig. 5.9 and Dig.5.10 respectively. It can be observed that the storage modulus (G") and loss modulus (G"") shows an increasing trend with the frequency. The characteristic relaxation regions of polypropylene were shown at all frequency. A flow region at low frequency, clear plateau region at highest frequency and a clear differentiation between both regions which is characteristic for polydispersity. The plot of PP/EPDM blends showed non terminal behaviour (storage modulus is enhanced with frequency and the value of G" is not proportional to ω 2 as according to Cox-Merz rule) at low frequency.

Non-isothermal crystallisation kinetics of PP/EPDM blends

It is well known that, the strength properties of semi crystalline polymers can be controlled by engineering the crystallinity value of these polymers. The crystallization in semi crystalline polymers can be achieved by isothermal (temperature constant with respect to time), non-isothermal (temperature constant with respect to time), or by both conditions.

Many industrial processes such as extrusion, injection moulding etc are likely to be carried out under non-isothermal conditions. As a result, the investigation of the crystallinity of polymers is very significant under non isothermal conditions. To study the crystallisation kinetics in semi crystalline polymers, the crystallization process is divided into two stages viz. primary and secondary crystallization. The chains of a polymer in molten state stack themselves into two-dimensional lamellar structure when it is crystallised from melt temperature to a lower temperature. The primary crystallisation step involves the growth of the spherulite until they collide with the neighbouring spherulite. The secondary crystallisation step comprises of thickening of lamellae, crystallization of interlamellar chains, and changes of lamellae structure take place. In a phase-separated polymer blend, if the dispersed phase is amorphous, it disturbs the spherulite growth of the polymer matrix and also alters the morphology. As a result, while the polymer crystallises, the amorphous phase is rejected by growing spherulites forcing them to remain in interfibrillar, interlamellar, and interspherulitic regions [11]. Table 5.2 shows important crystallisation parameters such as crystallisation peak (T c ), onset temperature (T o ), Normalised enthalpy (ΔH c ), melting peak (T m ) and under cooling, ΔT c (where ΔT c = T m -T c ) temperatures. It is well known that, in the case of semi crystalline polymers, the crystallinity value decreases upon addition of compounding ingredients. The decrease in crystallinity value is a function of volume fraction of additives in the system. In PP/EPDM blends, the percentage cryastallinity value of polypropylene decreases with increase in EPDM content. Table 5.3

shows the average crystallinity values of PP /EPDM blends obtained using DSC analysis. The effect of crystallinity values on cooling rate of crystallisation is shown in figure Where T 0 , T ∞ are the temperatures at which crystallisation starts (onset temperature) and ends and T is the temperature at crystallisation time t. A 0 and A ∞ are the areas of DSC exotherms from T 0 to T and T 0 to T ∞ respectively . It can be clearly seen from the figure Fig. 5.12 that both polypropylene (PP) and PP/EPDM blends showed single and sharp exotherms in the temperature range from 90 0 C to 125 0 C which vary with cooling rates. Upon increasing the cooling rates, the exotherms of PP and PP/EPDM blends widen and shifted towards lower temperatures, follows the same trend reported in previous literatures [12].With increase of cooling rate, we can observe that the heat flow is also increasing (i.e., the polymeric material has to cross that much energy barrier to complete the crystallisation process) The dependence of relative crystallinity (X t ) on temperature (T) at different cooling rates is shown in figure Fig. 5.13. The curves exhibits a reverse sigmoidal shape which indicates a lag effect of cooling rate on crystallization in PP and PP/EPDM blends which are identical to similar findings reported [13,14].

The temperature axis in Fig. 5.13 can be converted into time scale using equation 5. 

t= ………………………… (5.2)

Where R is the cooling rate, T 0 is the temperature at which crystallisation starts (onset temperature) and T is the temperature at crystallisation time t. It can be seen from the plots that, all curves are S shaped and at higher cooling rates, shorter time is required to complete crystallisation process. Crystallisation half time, t 1/2 , the time at which crystallinity reaches 50 % can be calculated directly from Fig. 5.15.It can be inferred from the Table 5.2 and Fig. 5.22 that the values of T o , T c and t 1/2 decreases whereas ΔT c increases as we move from lower to higher cooling rates. It can be due to the fact that, at higher cooling rates, polymer chains do not get sufficient time to crystallise, which in turn results in initiation of crystallisation at higher under cooling (high value of ΔT c ).Also at higher cooling rates, the polymer chain mobility is destroyed and resulting in incomplete crystallisation process. It also follows the same trend reported in other studies in literature [8,9,10]. Compare with pure polypropylene, PP/EPDM blends exhibited higher ΔT c values and lower T o & T c values. It can be attributed to the fact that, during crystallisation process, the EPDM rubber hinders the growth of PP crystals during cooling cycle. The hindrance to the mobility of PP chains is due to the dipole induced dipole interactions in PP/EPDM blends analogous to that reported in PP/EPDM-g-MA blend systems [11].

Nucleation Activity

The nucleation activity of EPDM in PP/EPDM blends was determined by Dobreva and Gutzowa method.

Log (R) =A -………………………………… (

Log (R) =A -……….………………………… (5.4) The glass transition temperature obtained using DSC analysis for polypropylene and PP/EPDM blends are shown in Table 5.5. The inflection point located near -10 0 C for PP/EPDM systems correspond to the glass transition of PP, whereas the point around -45 0 C to -53 0 C for all the blends represent the glass transition of EPDM. The two glass transition temperatures obtained for PP/EPDM blends is an indication of immiscible nature of PP/EPDM blends. A slight decrease of the glass transition peak of PP to lower temperature was observed as the result of the presence of EPDM with low glass transition temperature (T g ). It was also noted that the transition peaks of PP in PP/EPDM blend became wider and weaker at the higher loading of EPDM.

Thermo gravimetric (TGA) analysis

Table 5.6 shows the values of thermo gravimetric analysis (maximum degradation temperature, T max and % weight loss of sample) of PP/EPDM blends. Where SGC stands for sol-gel coated coir

The prepared sheets then cut using numerically controlled cutting machine into dumb-bell shaped specimens for tensile testing and notched specimens for izod impact testing and unnotched specimens for flexural test. composites have proportional relationship with failure strength of fibers. i.e., higher the failure strength of fibers, higher will be the impact resistance [2]. In section 4.7(Chapter 4), it is found that the failure strength of FAS coated coir fibers higher than the uncoated coir fibers which points to the improvement of impact response of composites with FAS coated fibers.

Chamis et.al. reported that materials containing fibers with a greater strain energy absorbing capacity offering improved Izod impact energies [3]. Area under the fibers stress/strain diagram represents a useful approach for determining the strain energy of fibers. In chapter 4,from Fig. 4.8 a & b, stress versus strain curves for uncoated and FAS coated fibers, the area under the curve for FAS coated coir fibers found to be 75% higher than the uncoated coir fibers which again points to the reason for significant improvement in impact response of FAS coated coir fiber reinforced composites. It can also be inferred from the SEM images that fiber pull-out, fiber fracture and fiber matrix debonding are the primary energy absorbing mechanism in FAS coated fiber filled composites (discussed in section 6.4)

Tensile analysis of PP/EPDM/Coir composites

Tensile testing of composites was performed by MTS Synergy RT1000 testing apparatus at In the case of uncoated coir filled composites, as the fiber loading is increased from 10pph to 40pph, the tensile strength exhibited an increasing trend. In the case of FAS coated coir filled composites, as the fiber loading is increased from 10pph to 40pph, tensile strength shows a decreasing trend. It is interesting to note that the tensile strength values of uncoated coir filled composites are found to be high at higher parts of filler loading (30pph and 40pph), but the tensile strength values of FAS coated coir filled composites are found to be high at lower parts of filler loading (10pph and 20pph).At 10pph of uncoated fibers, the tensile strength is found to be 19.5 MPa whereas at 10pph of FAS coated coir fibers, the tensile strength is found to be 21.2 MPa. This could be due to at lower filler loading, the extremely hydrophobic FAS coated fibers are grafted effectively on the PP/EPDM7.5 matrix. During internal melt mixing of polypropylene, EPDM and FAS coated coir fibers in Brabender, the fluoro alkyl functional siloxane (FAS) coated coir fibers are melt grafted specifically on EPDM sites. This could be due to the unsaturation in diene monomer exists in EPDM, which creates some additional reactive sites for silane grafting to occur (The grafting can also occur by abstraction of secondary hydrogen from a polypropylene sequence of EPDM). The advent of this new technique involving the grafting of FAS coated coir fibers on to polymer chain in the internal mixer is more attractive due to various industrial advantages. Kozawa et.al reported about silane cross-linkable ethylene-propylene elastomer compositions prepared by reactive extrusion processing [4].However at higher filler loading of FAS coated fibers (at 30pph and 40pph), the 7.5 pph of EPDM is not sufficient to provide reactive sites for grafting of all fibers.

In the case of uncoated coir filled composites, as the filler loading is increased from 10pph to 40pph, there would be more hydroxyl groups present in the entire volume fraction of fibers and forms better bonding with PP/EPDM7.5 matrix. The reason for increase in tensile strength for uncoated coir filled composites with filler loading is pointing to the better fibermatrix adhesion. The modulus of uncoated and FAS coated coir filled composites is plotted in Fig. 6.4.The modulus values shows an increasing trend with filler loading for uncoated coir filled composites whereas in the case of FAS coated coir filled composites, the modulus shows an increasing trend up to 30pph and decreases at 40pph. The % deformation values of uncoated and FAS coated coir filled composites are plotted in Fig. 6.5. It shows a decreasing trend for both uncoated as well as FAS coated coir filled composites. However, the FAS coated fiber filled composites exhibits deformation values higher than that of uncoated coir filled composites. This is due to ductile behaviour of FAS coated coir filled composites imparted by the super hydrophobic nature of fluoroalkyl functional siloxane coated fibers. From the plots, it can be seen that, there will not be much difference in pull-out strength values of PP/EPDM blend formulations. However at lower concentration of EPDM swathe, pullout strength values are found to be high for coir fibers. gives expressions for work associated with micro-mechanical fracture processes such as debonding and fiber pull-out [5].

The work to pull-out is given as:

W p = …………………… (1) 
Where l c = critical transfer length (= σ f * d / 2τ) and τ = constant frictional shear stress/ fibermatrix interfacial shear strength By using critical length values obtained in section 6.1, the frictional shear stress can be found out. This fiber-matrix interfacial shear strength is one of the most important parameters in controlling the toughness and the strength of a composite material. The frictional shear stress is found to be higher for FAS coated fibers than uncoated ones. The work to pull-out uncoated coir fibers from PP/EPDM matrix was found to be 0.2Nmm.The work to pull-out FAS coated coir from PP/EPDM matrix was found to be 0.3Nmm. It is seen that, compare In the case of FAS coated coir filled composites,it can be read from the SEM images that,the failure mechanisms are fiber fracture,fiber pullout and fiber matrix debonding. It is well known that the failure modes that involve fracture of the matrix or interphase region result in low fracture energies whereas failures involving fiber failure modes such as fiber fracture, pull-out and debonding result in significantly greater energy dissipation. The role of the fibers in a composite structure is extremely important since they are responsible for bearing a significant percentage of the applied load. The effect of work to debonding and work to pullout are discussed under section 6.4. 

Rheological analysis of PP

Dynamic viscoelastic property analysis

The principle of parallel plate rheometery was used to find out dynamic viscoelastic properties of composites .The oscillatory frequency analysis was performed at a fixed strain (0.1%) corresponding to the linear viscoelastic domain and the frequency was varied in the range from 0.01-100 Hz. The viscoelastic properties such as storage modulus (G"), loss modulus (G"") and complex viscosity (η *) were measured as a function of angular velocity .17. The storage as well as loss modulus of the composites are found to be increases with increasing concentration of coir fibers. The higher values of storage modulus of FAS coated coir filled composites points to its capacity to hold stored energy in it. The higher values of loss modulus of FAS coated coir filled composites with filler loading points to its effectiveness in dissipating energy upon impact. The effect of crystallinity values on cooling rate of crystallisation is shown in figure Fig. 6.18 It can be seen from the plots that, all curves are S shaped and at higher cooling rates, shorter time is required to complete crystallisation process. Crystallisation half time, t 1/2 , the time at which crystallinity reaches 50 % can be calculated directly from Fig. 6.24 and Fig. 6.25.It can be inferred from the Table 6.7, Fig. 6.23 and Fig. 6.24 that the values of T o , T c and t 1/2 decreases whereas ΔT c increases as we move from lower to higher cooling rates. It can be due to the fact that, at higher cooling rates, polymer chains do not get sufficient time to crystallise, which in turn results in initiation of crystallisation at higher under cooling (high value of ΔT c ). Also at higher cooling rates, the polymer chain mobility is destroyed and resulting in incomplete crystallisation process. However, compare with PP/EPDM blends, the PP/EPDM coir composites shows lesser under cooling (low value of ΔT c ) values. FAS coated coir filled composites possess higher enthalpy of fusion (ΔH c ) values compares with uncoated coir filled composites which in turn indicates the higher thermal stability of FAS coated coir filled composites. For a particular cooling rate, the data of T 0 , T c and t 1/2 have higher values while ΔT c is lower for uncoated coir filled composites comparing with pure polypropylene as well as PP/EPDM7.5 blend. The FAS coated composites gives higher values of T 0 , T c and t 1/2 and lower values of ΔT c compare with uncoated coir filled composites as well as PP/EPDM blends. It shows that comparatively higher time is available for the polymer chains to crystallise at higher rates of cooling in the case of FAS coated coir filled composites than uncoated ones and PP/EPDM blends. It can be due to the surface provided by the FAS coated coir for the crystallisation of polypropylene. However the phase interaction and geometrical constraints of coir fiber hinder the crystallisation process and as a result the net effect will be the decrease of crystallinity of polypropylene in the composites [7,8,9].

Non-isothermal crystallisation kinetics of PP/EPDM7.5/Coir composites

Nucleation Activity

The nucleation activity of uncoated as well as FAS coated coir in PP/EPDM7. agent at these compositions.

Glass transition temperature

The glass transition temperature obtained using DSC analysis for PP/EPDM/Coir composites are shown in Table 6.6. Unlike PP/EPDM blends, all the composites exhibit two step degradation. The maximum degradation temperature tabulated between 330-360 0 C shows the maximum degradation temperature of coir fibers whereas the maximum degradation temperature tabulated between 463-468 0 C shows the degradation temperature of PP/EPDM blends. By varying 20pph to 40pph of coir fiber content in PP/EPDM blends, the uncoated composites shows a decreasing trend in maximum degradation temperature value whereas the FAS coated composites showed an increasing trend of maximum degradation temperature value. It can be inferred from the results that, as the coir filler content are increased, the FAS coated coir filled PP/EPDM composites showed an increasing trend in thermal stability than uncoated ones. At 40pph of FAS coated coir filled composites, the lowest loss % of sample weight was observed. Comparing with PP/EPDM blends, all the composites show a slight increase in maximum thermal degradation temperature value. The sample weight loss % is also found to be decreased in the case of composites.

Conclusions

Based on optimizations of fiber characteristics and blend formulations, PP/EPDM7.5 as the matrix and the coir fiber content was varied from 10pph to 40pph to fabricate the PP/EPDM/Coir composites. It can be inferred from the results that the FAS coated fiber reinforced composites shows significant improvement in impact strength and impact energy values compare with uncoated fiber reinforced composites. The influence of constituent properties on impact response of composites was studied. The extremely high hydrophobic nature of FAS coated coir fibers were linked to the impact, tensile and flexural behaviour of composites. It can be inferred from the SEM images that post-debond fiber sliding is the primary energy absorbing mechanism in FAS coated fiber filled composites whereas fiber pull-out is responsible for contributing toughness in fiber filled composites.

Low shear rate rheology points to the shear thinning behaviour of PP/EPDM/Coir composites. The complex viscosity found to be decreases with increase in frequency which shows the melt is in pseudo plastic state The storage modulus (G") and loss modulus (G"") of composites shows an increasing trend with oscillatory frequency analysis . Non-isothermal crystallisation kinetics studied using DSC analysis shows a lag effect of cooling rate on crystallization in PP/EPDM/Coir composites. No specific nucleation activity of uncoated/FAS coated coir was observed in PP/EPDM based composites. The high value of maximum degradation temperature and low sample weight loss % obtained using TGA

Conclusions

In this thesis coir based PP/EPDM composites with improved impact resistant properties were developed for various applications. This thesis is summarised with a set of outcomes.

The first outcome is the development of the low pressure oxygen plasma surface modification as an effective treatment method to functionalise the lignocellulosic natural coir fibers with hydroxyl groups which in turn convert it into extremely hydrophilic surface. The water absorption studies showed an increase in water absorption from 39% to about 100%. The morphological study using SEM analysis also confirmed changes in the surface topography after plasma treatment. The topographic measurements done using atomic force microscopy showed etching of fiber wall which influences the higher water absorption. XPS analysis reveals that oxygen content measured for samples treated at 50 Pa increased from initial 18 at% to about 32 at%. This study finds that, by controlling the plasma parameters and by understanding the plasma chemistry, the plasma treatment can be developed as a viable technique for surface modification of natural fibers.

The second outcome is the development of hydrophobic coating on the plasma treated coir fiber surface. In this work, the surface modification of lignocellulosic coir fibers was done with the use of low-pressure oxygen plasma, followed by the application of a spray-dry-cure sol-gel coating with the water and oil repellent organic-inorganic hybrid precursor fluoroalkyl-functional siloxane (FAS), with the aim of creating the hydrophobic coir fiber surface. The plasma pre-treatment increased the effective concentration of the FAS network on the lignocellulosic coir fibers. The noticeable increase in water contact angle and decrease in surface free energy value as well as thermodynamic work of adhesion confirms the transformation to hydrophobic behaviour of coated fibers. With the aid of atomic force microscopy and scanning electron microscopy, it was found that the plasma pre-treatment helps in imparting the nanoscopic topography which leads to the formation of a dual micro to nano-structured composite fiber surface with a high content of air pockets, which significantly decreased the interfacial area between the water and the fibers after the sol-gel coating was applied and imparted the extremely high "hydrophobic effect"" to the sample. A slight increase in surface roughness value is also validates this finding. The spectroscopic analysis using XPS shows that the characteristic bands F 1s and Si 2p, were detected on the FAS coated coir samples, accompanied by a significant decrease in the carbon and oxygen concentrations, which confirmed that the FAS coating was covered the lignocellulosic coir fiber surface. The water absorption studies indicates that , in the case of FAS coated coir fibers , the time for fibers spent in water is infinite and because there is no water uptake. The tensile tests performed on elementary as well as FAS coated coir fibers shows that the average breaking force, breaking strength, modulus and elongation at break of FAS coated coir fibers was found to be higher than uncoated coir fibers.

The third outcome is the development of optimized PP/EPDM blend formulation for the fabrication of coir based PP/EPDM composites. Firstly the blends of polypropylene (PP) with various concentrations of ethylene-propylene-diene rubber (EPDM) were prepared. The EPDM was blended with polypropylene with the aim of developing an impact resistant polymer system. Among pure polypropylene as well as PP/EPDM blend formulations, 7.5 parts of EPDM in PP (PP/EPDm7.5) registers highest impact strength value and also comparable tensile and flexural properties with other blend formulations. It was found that one possible reason for increase in impact strength could be the decrease in average diameter of dispersed particles at lower EPDM content leading to better dispersion EPDM in PP matrix. The decrease in impact strength after 7.5pph may be due to the formation of narrower ligaments than critical ligament thickness (interparticle distance). The large area under the stress strain curves of PP/EPDM blends at EPDM content swathe less than or equal to 7.5 pph shows the strain energy capacity of the material. Scanning electron microscopy observations shows that the mechanically induced cavitation behaviour is responsible for the impact resistance of PP/EPDM blends. Low shear rate rheology points to the shear thinning behaviour of PP/EPDM blends. The complex viscosity found to be decreases with increase in frequency which shows the melt is in pseudo plastic state. The storage modulus (G") and loss modulus (G"") of blends shows an increasing trend with oscillatory frequency analysis .Nonisothermal crystallisation kinetics of PP/EPDM blends were studied using differential scanning calorimetry (DSC) analysis. The curve obtained by plotting relative crystallinity (Xt) vs. temperature (T) exhibits a reverse sigmoidal shape which indicates a lag effect of cooling rate on crystallization in PP and PP/EPDM blends. No specific nucleation activity of EPDM was observed in PP/EPDM blends. The high value of maximum degradation temperature obtained using TGA analysis outlines the stability of PP/EPDM blends to withstand high operating temperatures.

The fourth outcome is the development of coir based PP/EPDM composites with varying concentrations of coir fibers (10 to 40pph) for improved impact resistance properties. 100pph low-pressure oxygen plasma, followed by the application of a fluoroalkyl-functional siloxane (FAS) based spray-dry-cure sol-gel coating , is a contribution of this thesis to the engineering sciences to overcome the moisture intake of natural fibers , which is known to be an unsolved problem exist in the scientific literatures. Another scientifically relevant information is the advent of new technique involving the melt grafting of FAS coated coir fibers on to EPDM chain in the internal mixer, which is more attractive due to various industrial advantages.

Future work

The results obtained in this study are helpful in formulating the objectives for future research work. Following objectives are proposed 1. By utilizing the combination effect of low-pressure plasma and spray-dry-cure sol-gel coating, different organofunctional siloxanes based hybrid precursors can be coated on the natural coir fibers to tailor it for specific applications.

2. Extraction of nano lignin and nano cellulose from the lignocellulosic natural coir fibers and tuning of its surface morphology using low-pressure plasma and spray-drycure sol-gel coating.

3. Improving the impact properties of polypropylene using other type of elastomers.

4. Investigation of the fracture behaviour prepared composites using experimental and modelling techniques.

5. The technique mentioned in Objective 1 can be further extended to study its effect of other natural fibers (such as Flax fiber, Pineapple leave fiber (PALF), Jute fiber, Banana fiber etc.) and its polymer based composites.

6. Objective 2 can be further extended to study in other natural fibers (such as Flax fiber, Pineapple leave fiber (PALF), Jute fiber, Banana fiber etc.) and its polymer based composites.

7. Investigation of objectives 1, 2, 3 and 4 in biopolymer (such as PLA, PHA etc) systems. 
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Fig. 1 . 2 .

 12 Fig.1.2.Schematic of the surface modification of plastic in a gas plasma reactor (Reproduced with permission from Elsevier)

Fig. 1 . 4 .

 14 Fig.1.4. Organofunctional siloxanes as molecular bridges

Fig. 1 . 5 .

 15 Fig.1.5.Chemical structure of fluoroalkyl functional siloxane [47]

Fig. 1 . 6 .

 16 Fig.1.6. Cross sectional view of coir fiber

  due to the presence of crystalline cellulose. But cellulose-I is more commonly used to represent cellulose. It is stiff and straight due to intra chain hydrogen bonds formed between the hydroxyl groups and oxygen atoms of neighbouring ring molecules which stabilises the cellulose chains. Hemicellulose belong to a group of heterogeneous polysaccharides which are formed through biosynthetic routes different from that of cellulose and it forms hydrogen bonding to cellulose and acts as cross-linking molecule between the cellulose micro-fibrils. Unike cellulose, hemicellulose are low molecular weight polymers. Most hemicellulose have a degree of polymerization of only 200. The solubility and susceptibility to hydrolysis of hemicellulose are comparitively greater than cellulose. Hemicellulose consists of hexosans such as glucosan, galactan and mannan, pentosans like araban, xylan and polyuronides of gluconic acid [49].
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 19145681015 resistance to tearing. The toughening has been one of the most active and relevant area in the field of the modification for polypropylene plastics.Bucknall et al. reported that the incorporation of a secondary rubbery phase in PP is usually achieved both by propyleneethylene block copolymerization and by melt blending of PP with ethylene-propylene rubber (EPR) and ethylene-propylene-diene terpolymer (EPDM) [51]. These blends are rarely miscible and often form a multiphase morphology [52-53]. Yokoyama et al. investigated that, for a constant level of the total rubber content, the incorporation of EBR as the elastomeric component improved the fracture toughness of PP blends. Improvement of the fracture resistance was also obtained by increasing the molecular weight of the elastomers [54].Only few researches have been done to examine the rubber toughening mechanisms in semi crystalline polymers. Because of the complex polycrystalline nature, additional possible mechanisms may be anticipated for toughening crystalline polymers. Jang et al. reported that by acting as a nucleus for the crystallization of matrix polymer, the rubber particles may serve to reduce the average spherulite size, thereby increasing the impact resistance of polymer[55].In addition to this, other morphological changes induced by the rubbery phase may also occur.Though the impact response of polypropylene can be increased considerably by elastomer addition, the enhancement of the toughness is obtained at the expense of the stiffness, elastic modulus, and thermal resistance. According to latest research trends in recent years, ternary phase blends of PP containing soft elastomer and rigid fillers are of ever-increasing interest because both their stiffness and toughness can be partly controlled and materials with balanced mechanical properties can be formulated[56].Considering the growing ecological risks and cost aspects, researchers have studied the effect natural fibers [57-60] as rigid fillers in of PP containing soft elastomer systems. Though natural fibers possess several advantages over synthetic fillers, adhesion between the fiber and matrix, moisture repellence, flame retardant properties etc are still challenging areas to be addressed. To develop fluoroalkyl-functional siloxane (FAS) as a hydrophobic coaing to natural coir fibers with enhanced water repellent properties 2. To develop plasma surface modification technique as a viable method to improve wettabilty characteristics of lignocellulosic natural coir fibers 3. To develop an efficient method to optimize critical length of natural coir fiber with PP/EPDM matrix. To develop hydrophobic coir based PP/EPDM composite with high impact resistance properties To study the mechanical properties of PP/EPDM blends using tensile,impact and flexural analysis. To study the morphological features of PP/EPDM blends using scanning electron microscopy (SEM) and High-resolution transmission electron microscopy (HRTEM) 7. To study the low shear rate rheology and dynamic viscoelastic properties of PP/EPDM blends using rheological analysis. To study the non-isothermal crystallisation kinetics of PP/EPDM blends with the aid of differential scanning calorimetry (DSC) analysis 9. To study the (maximum degradation temperature of PP/EPDM blends with the aid of thermo gravimetric (TGA) analysis 10. To study the mechanical properties of PP/EPDM/Coir composites using tensile,impact and flexural analysis. 11. To study the morphological features of PP/EPDM/Coir composites using scanning electron microscopy (SEM) 12. To study the low shear rate rheology and dynamic viscoelastic properties of PP/EPDM/Coir composites using rheological analysis. 13. To study the non-isothermal crystallisation kinetics of PP/EPDM/Coir composites with the aid of differential scanning calorimetry (DSC) analysis 14. To study the maximum degradation temperature of PP/EPDM/Coir composites with the aid of thermo gravimetric (TGA) analysis 1.Kalpakjian, S., & Schmid, S. (2006). Manufacturing, Engineering and Technology SI 6th Edition-Serope Kalpakjian and Stephen Schmid: Manufacturing, Engineering and Technology. Digital Designs. 2. Ober, C. K., Cheng, S. Z., Hammond, P. T., Muthukumar, M., Reichmanis, E., Wooley, K. L., & Lodge, T. P. (2008). Research in macromolecular science: challenges and opportunities for the next decade. Macromolecules, 42(2), 465-471. 3. Sun, T., Feng, L., Gao, X., & Jiang, L. (2005). Bioinspired surfaces with special wettability. Accounts of chemical research, 38(8), 644-652. 4. Blossey, R. (2003). Self-cleaning surfaces--virtual realities. Nature materials, 2(5), 301. Vasiljević, J., Gorjanc, M., Tomšič, B., Orel, B., Jerman, I., Mozetič, M., ... & Simončič, B. (2013). The surface modification of cellulose fibers to create superhydrophobic, oleophobic and self-cleaning properties. Cellulose, 20(1), 277-289.

Fig. 2 . 2

 22 Fig.2.2 Large Plasma chamber used for treatment of coconut fibers.

Fig. 2 . 3

 23 Fig.2.3 Small Plasma chamber used for treatment of coconut fibers. The inner diameter of the
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 6 2003 by measuring the water absorbency time and water absorptive capacity. The water absorbency time test measures the time required for the complete wetting of a specimen which is rolled into a cylindrical wire basket and is dropped on the surface of the liquid from 25 mm height. The water absorptive capacity method provides a measure of the amount of liquid held within a test piece after specified times of immersion and drainage. To perform the measurements the untreated and plasma-treated fibers were prepared according to standard. A sample of coir fibers (5 g) was inserted into wire basket of defined dimensions (height 80 mm, diameter 50 mm, thickness of wire 0.4 mm, mesh 20 mm). The basket with the sample was released sideways from 25 mm height into the round vessel of 110 mm diameter containing distilled water with temperature 20 0 C and height 100 mm. The time taken for the basket to completely sink to the bottom of the vessel was measured. The samples were left in the water for 60 s and afterwards hung freely and vertically to drain for 120 s. Without squeezing the water from the sample, the sample was weighted. For each sample, fresh conditioned water was set. The water absorptive capacity (LAC) of fibers was calculated according to the equation: [ ]..................................................... (2.1)

  2

. 4 .

 4 Prior to the spraying of FAS on the coir fiber surface, the fibers were treated with O 2 plasma. The plasma-treated fibers were sprayed with 10% sol-gel coating (FAS, Protectosil, Chemcolor Slovenia). The sprayed fibers were dried at a temperature of 100 0 C for 15 minutes and cured at a temperature of 150 0 C for 5 minutes. After the sol-gel application, the coated coir fiber samples were left for 14 days under standard atmospheric conditions (65 ± 2 % relative humidity and 20 ± 1 C) to allow the complete network formation of the applied finishes.

Fig. 2 . 4

 24 Fig.2.4 Scheme of the spray-dry-cure sol-gel -coating process

  5 + (ϒ L p ϒ S p ) 0.5 ] ......................................(2.6) Where θ is the contact angle measured on the examined true surface (the contact angle of the liquid on the solid surface in air), ϒ L d , ϒ L p and ϒ L are dispersive and polar components and total surface free energy of the test liquid, respectively, and ϒ s d and ϒ s p are dispersive and polar components of surface free energy of samples, respectively. To compare the calculated values more closely to the chemical nature of the phases, Van Oss et al. [3] expressed the polar component in terms of acid-base interactions. According to Van Oss et al. an interfacial tension can be expressed as ϒ= ϒ LW + ϒ AB …………………………………………….. (2.7)

  sheets using hot pressing (compression moulding) technique. The prepared sheets then cut using a numerically controlled cutting machine viz Fraiseuse as shown in figure Fig.2.5 into dumb-bell shaped specimens for tensile testing and rectangular specimens for Izod impact testing and flexural testing.

Fig. 2 . 5 2 . 1 . 2 . 6 . 1 Fig. 2 . 6 .

 252126126 Fig. 2.5 Numerically controlled cutting machine "Fraiseuse"

Scanning Calorimetry 2 . 1 . 2 . 9 . 1 2 . 1 . 2 . 9 . 1

 2129121291 Non-isothermal Crystallization KineticsThe crystallisation study of polypropylene in blends and composites are performed on a differential scanning calorimeter Model Mettler-Toledo DSC-882 .The sample weight was about 10 mg. Samples are cut from the compression moulded specimens from three different places and vacuum dried at 80 0 C for 4h. The samples were subjected to two heating and cooling ramps starting from 25°C up to 190°C and down to 25°C at a scanning rate of 10°C.min-1 under nitrogen atmosphere. The samples are first heated from 25 0 C to 190 0 C at a heating rate of 10 0 C/min, held at 190 0 C for 2 minutes to remove previous shear, processing, mechanical, thermal and crystallisation history. The melt is then cooled to 25 0 C/min at 10 0 C/min and the resulting exotherms in the cooling curves were recorded. Heats of melting values obtained during the second heating runs (heating rate 10 0 C/min) were employed to determine the crystallinity of PP in blends and composites. The crystallinity was calculated according to Eq. (2the enthalpy of fusion of PP in the blends/composites, ΔH 100 is the parameter for 100% crystalline PP (209Jg -1 ) and w is the weight fraction of PP in blends/composites.The DSC exotherms of neat PP, PP/EPDM blends and PP/EPDM/Coir composites at 5 different cooling rates(10, 15,[START_REF] Zhao | Mechanical properties of sisal fiber reinforced high density polyethylene composites: Effect of fiber content, interfacial compatibilization, and manufacturing process[END_REF][START_REF] Yang | Effect of compatibilizing agents on rice-husk flour reinforced polypropylene composites[END_REF] and 30 0 C min -1 ) were studied. Determination of glass transition temperature (T g ) Thermograms were obtained from a Perkin-Elmer Pyris 1 differential scanning calorimeter (DSC) usingthe Pyris V 3.0 software under Windows NT 4.0 fordata collection and treatment. Calibration was donewith indium and tin in the temperature range (+ 15 to+350 0 C). The base line was checked every day. Aluminum pans with holes were used and the samplemass was approximately 10 mg.All samples were first heated to 210°C for 5 minutes to get ridof thermal history. All the temperatures measured from a peak extreme (T c , T m ) were determined atless than ± 0.5 0 C.The samples were subjected to two heating and cooling ramps starting from -90°C up to 190°C and down to -90°C at a scanning rate of 10°C.min -1 under nitrogen atmosphere. The samples are first heated from -90 0 C to 190 0 C at a

  viscoelastic properties of polypropylene, PP/EPDM blends and PP/EPDM/Coir composites were studied using an Anton Paar, CTD 450, Physica MCR 301 rheometer. The viscosity versus shear rate and shear stress versus shear rate were determined. The oscillatory frequency analysis was performed at a fixed strain (0.1%) and the frequency was varied in the range from 0.01-100 Hz. The viscoelastic properties such as storage modulus (G"), loss modulus (G""), complex viscosity (η *) and loss Factor (tan δ) were measured as a function of angular velocity (ω). Before experiments, the samples were dried at 60 0 C for 12 h and compression moulded to a circular shape having diameter 25mm and the thickness about 2 mm. The limit of the linear viscoelastic regime was determined by performing a strain sweep at 1 Hz. The rheometer was operated in the dynamic oscillatory mode with parallel plate geometry of 25 mm diameter at 190 0 C. A strain of 1 %, corresponding to the linear viscoelastic domain, was chosen to perform dynamic measurements over a frequency range of 0.001-100 Hz. 4. Brahmakumar, M., Pavithran, C., & Pillai, R. M. (2005). Coconut fiber reinforced polyethylene composites: effect of natural waxy surface layer of the fiber on fiber/matrix interfacial bonding and strength of composites. Composites Science and technology, 65(3), 563-569.
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 31 Fig.3.1. Schematic representation of Oxygen plasma treatment of coir fibers

Figure 3 . 3 .

 33 Figure 3.3. This spectrum was acquired 14 seconds after turning on the discharge. It is

Fig. 3 . 3

 33 Fig.3.3 An optical spectrum acquired in the small system loaded with coir after 14 s of

Fig. 3 . 4

 34 Fig.3.4 Time evolution of the O-atom lines at 777 and 845 nm and selected lines of CO

  needed for sample to submerge into water, with water absorbency time nearly 2 minutes. The untreated fibers are relatively hydrophobic as it is evident from the very long time needed for sample to submerge into water, with water absorbency time nearly 2 min. The hydrophobic nature of coir fibers is due to its high lignin content (lignin 40-45% by weight, cellulose 32-43% by weight, hemicellulose 0.15-0.25% by weight and pectin 3-4% by weight) compared with other natural fibers[26]. For the same sample low water absorption capacity (39%) was calculated. Regardless of the plasma chamber size, pressure or treatment time, coir fibers become immediately hydrophilic upon plasma treatment. Time needed for sample to descend is only one or two seconds. The differences between samples treated at different plasma process parameters are in water absorptive capacity. Coir fibers treated in small plasma chamber for 1 s at 50 Pa have absorption capacity of 68%, while at 75 Pa the absorption capacity is 76%. With the increased time of plasma treatment, the absorption capacity of coir fibers towards water also increased. No significant differences were noticed between samples treated for 3 and 5 s or between samples treated for 10 and 15 s.The water absorption capacity of coir fibers treated at 75 Pa for 15 sec were 94%. Even higher absorption capacity was found for fibers treated in large plasma chamber (100%). The reason for increased hydrophilicity of plasma treated fibers is in chemical and physical changes induced by plasma, and can be explained with XPS, SEM and AFM results.
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 335 Figure 3.5b). The size of these structures is about 10µm. After 10 s exposure to oxygen

Figure 3 .Fig. 3 . 6

 336 Figure 3.6b).In order to study the effects of longer treatment time on morphology we

Figure 3 . 7 .Fig. 3 . 7

 3737 Figure 3.7. The height image presents the 3D topographical features of the surface, while the

Fig. 3 .Fig. 3 .

 33 Fig.3.8a XPS Spectrum for Untreated coir fiber when small chamber is used for plasma

  free surface energy slightly increases to 1 mJ / m 2 from 0 mJ / m 2 . The thermodynamic work of adhesion, W A , calculated from contact angle measurements also indicates that the FAS coated fibers shows lower value of work of adhesion compare with uncoated fibers which in turn shows the hydrophobic behavior exhibited by FAS coated fibers. Similar trend of results obtained by Baley et al. when they used flax fibers in polyester resins[5].
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 4142 Fig.4.1 Water absorption test for uncoated and FAS coated coir fibers

3×3 μm 2 2 FAS coated coir fiber surface 2x2 μm 2 Fig. 4 . 3

 22243 Fig.4.3 AFM topography of uncoated and FAS coated coir fiber surfaces
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 44 Fig.4.4 Micro to nano-structured composite fiber surface with a high content of air pockets

Fig. 4 . 5

 45 Fig.4.5 Examples of surface survey spectra for untreated fibers (top), only plasma treated fibers (middle), and plasma treated and sol-gel coated fibers (bottom)

Fig. 4 . 6

 46 Fig.4.6 Examples of the deconvolution spectra of high-resolution XPS spectra of untreated fibers (top), only plasma treated fibers (middle), and plasma treated and sol-gel coated fibers (bottom).

Fig. 4 . 7 .Fig. 4 . 8 .

 4748 Fig.4.7. Coir fibers images of diameter measurement using optical microscope

9 Fig. 4 . 9

 949 Fig.4.9 Stress versus strain curve for uncoated & FAS coated fibers
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 25211271 Mechanical property (Impact, Tensile and Flexural) analysis of PP/EPDM blends Impact analysis of PP/EPDM blends Notched Izod impact tests of PP/EPDM blends were performed using a Tinius-Olsen machine at ambient temperature 23°C according to ISO 180 A. The detailed procedure and conditions were given in section 2.CHAPTER 2). Results were obtained from the average of at least 10 samples for each set. The Impact strength and impact fracture energy plot generated for pure polypropylene and PP/EPDM blends are shown in figure Fig.5.1 and Fig.5.2.repsectively. At lower parts of EPDM impact strength & energy values are found to be high for PP/EPDM blends.At higher parts of EPDM ,these values shows a decreasing trend.Among all the PP/EPDM blend compositions,7.5 parts of EPDM registered highest impact strength and fracture energy values.

Fig. 5 . 1 .Fig. 5 . 2 .

 5152 Fig.5.1. Impact strength of pure PP and PP/EPDM blend

7 . 2 (

 72 CHAPTER 2). The tensile strength,modulus and % deformation plots generated for pure polypropylene and PP/EPDM blends are shown in figure Fig.5.3 a,b and c..At lower concentration of EPDM, tensilestrength values are found to be high for PP/EPDM blends.At higher concentrations of EPDM ,the values shows a decreasing trend.From plots ,it can be seen that at 2.5 parts of EPDM registered highest tensle strength value.The pure polypropylene exhibited highest modulus value and 5 parts of EPDM showed highest strain (% deformation) among all blend formulations. Among all the PP/EPDM blend compositions, tensile measurements such as tensile strength, modulus and % deformation are found to be high at lower concentrations of EPDM (i.e., at parts of EPDM less than equal to 7.5pph).One possible reason could be the lower concentrations of EPDM in PP/EPDM blends which enables better dispersion of EPDM in thermoplastic PP matrix results in an increase of tensile strength values .

Fig. 5 . 3 aFig. 5 . 3 bFig. 5 .Fig. 5 . 4 Fig. 5 . 4 %

 535355454 Fig.5.3 a Tensile strength of pure PP and PP/EPDM blends

3 .

 3 The plots of flexural strength,flexural modulus and % deformation due to flexural loading generated for pure polypropylene and PP/EPDM blends are shown in figure Fig.5.4 a,b and c..At lower concentration of EPDM, flexural strength values shows an increasing trend for PP/EPDM blends whereas at higher concentrations of EPDM ,the values shows a decreasing trend.From plots ,it can be seen that at pure PP registered highest flexural strength value and 2.5 parts of EPDM shows a nearerby value. Among all blend formulations, the pure polypropylene exhibited highest modulus value and 7.5 parts of EPDM showed highest strain (% deformation) upon subjected to flexural loading. Among all the PP/EPDM blend compositions, flexural measurements such as flexural strength, flexural modulus and % deformation are found to be high especially at lower concentrations of EPDM (i.e., at parts of EPDM around 7.5pph).The lower concentrations of EPDM in PP/EPDM blends enables better dispersion of EPDM in thermoplastic PP matrix results in an increase of flexural strength values (Refer 5.3.1 & 5.3.2).
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 5454545355 Fig.5.4 a Flexural strength of pure PP and PP/EPDM blends

Fig. 5 . 6

 56 Fig.5.6 SEM micrographs of impact fractured PP/EPDM blends

Fig. 5 . 7 .

 57 Fig.5.7. Viscosity versus shear rate of PP/EPDM blends

  (ω) using an Anton Paar, CTD 450, Physica MCR 301 rheometer. Before experiments, the samples were dried at 60 0 C for 12 h and compression moulded to a circular shape having diameter 25mm and the thickness about 2 mm. The complex viscosity versus frequency of polypropylene and PP/EPDM blends are shown in figure Fig.5.8. The complex viscosity found to be decreases with increase in frequency which shows the melt is in pseudo plastic state. Due to the increase in shear flow the chains of EPDM try to open and entangle themselves. However it may be possible that high molecular weight of EPDM is not allowing disentangling them. The same trends of results were reported by sharma et al. when studying the effects of SEBS-g-MA copolymer on non-isothermal crystallization kinetics of polypropylene[9].
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 58 Fig.5.8. Frequency dependence of complex viscosity in PP / EPDM blends
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 59510 Fig.5.9. Frequency dependence of storage modulus in PP / EPDM blends

Fig. 5 . 11 Fig. 5 .

 5115 Fig.5.11 % crystallinity versus cooling rateIt is very clearly seen from the plot that, % crystallinity values shows a decreasing trend upon increase in cooling rate of crystallisation. This is due to the fact that, at higher cooling rates, crystallisation time is not sufficient for the PP/EPDM blends to complete crystallisation process which is further explained in relative crystallinity versus temperature/time plots. The DSC exotherms of neat PP and PP/EPDM blends at five different cooling rates(10, 15,[START_REF] Zhao | Mechanical properties of sisal fiber reinforced high density polyethylene composites: Effect of fiber content, interfacial compatibilization, and manufacturing process[END_REF][START_REF] Yang | Effect of compatibilizing agents on rice-husk flour reinforced polypropylene composites[END_REF], 30 0 C min -1 are presented in figure Fig.5.12.

Fig. 5 .

 5 Fig.5.12 Non-isothermal crystallization curves of PP/EPDM blends at different cooling rates and various parts of EPDM: (a) 0 pph, (b) 2.5 pph, (c) 5pph, (d) 7.5pph, (e) 10 pph, (f) 20 pph and (g) 30 pph, From the DSC crystallisation curves, the values of relative crystallinity, X t were calculated using equation 5.1

Fig. 5 .

 5 Fig.5.13 Relative crystallinity (Xt) versus Temperature of PP/EPDM blends at different cooling rates and various parts of EPDM: (a) 0 pph, (b) 2.5 pph, (c) 5pph, (d) 7.5pph, (e) 10 pph, (f) 20 pph and (g) 30 pph

  2 and is re-plotted in figure Fig.5.14.

Fig. 5 .

 5 Fig.5.14 Relative crystallinity (Xt) versus Time of PP/EPDM blends at different cooling rates and various parts of EPDM: (a) 0 pph, (b) 2.5 pph, (c) 5pph, (d) 7.5pph, (e) 10 pph, (f) 20 pph and (g) 30 pph,

  Where A, B and B* are constants and the ratio B*/ B gives the nucleation activity of EPDM in blends. The parameter ΔT c used in equation 5.3 and 5.4 is given by T m -T c , where T m and T c are the melting and crystallisation peak temperatures respectively. To study the nucleation activity in the presence of nucleating agent and or substrate, the value of B*/B is taken into account. If this ratio close to zero indicates nucleating activity and ratio close to one indicates non nucleating activity. The value of B or B* for the neat polymer and the blends was obtained from the slope of Log (R) vs. 1/ ΔT c 2 shown in figure Fig.5.15. The value of nucleation activity is 1 for PP and close to 1 for other PP/EPDM blend compositions which indicates that EPDM is not acting as a nucleating agent at these compositions. At the 7.5 pph and 10 pph of EPDM, the ratio B*/ B reported the lowest value amounts to 0.72.

Fig. 5 . 5 . 5 . 2

 5552 Fig.5.15 Nucleation activity by Dobreva and Gutzowa approach for various PP/EPDM blend compositions 5.5.2 Glass transition temperature
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 3631 Mechanical property (Impact, Tensile and Flexural) analysis of PP/EPDM/Coir composites Impact analysis of PP/EPDM/Coir composites Notched Izod impact tests of composites were performed using a Tinius-Olsen machine at ambient temperature 23°C according to ISO 180 A. Results were obtained from the average of at least 10 samples for each set. The impact strength and impact energy plots generated for uncoted and FAS coated coir fiber filled composites are shown in figure Fig.6.1 and Fig.6.2 respectively.
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 6162 Fig.6.1. Impact strength of PP/EPDM/Coir composites

5 Fig. 6 . 3 .Fig. 6 . 4 .

 56364 Fig.6.3. Tensile strength of PP/EPDM/Coir composites

6. 3 . 3 8 Fig. 6 . 6 .Fig. 6 . 7 .Fig. 6 . 8 . 6 . 4 Fig. 6 .

 338666768646 Fig.6.6. Flexural strength of of PP/EPDM/Coir composites

Fig. 6 .

 6 Fig.6.10 a Pull-out stress of uncoated fibers with PP/EPDM blends

Fig. 6 . 11 .FigFig. 6 . 12 .Fig. 6 . 13 .

 611612613 Fig.6.11. Morphology of impact fractured pure PP and PP/EPDM7.5 blend *The prefix "I' denotes impact fractured samples Scanning electron microscope images shows that the impact fractured polypropylene surfaces gives almost uniform morphology with a layer by layer structure on the surface. The impact fractured PP/EPDM blend surfaces exhibits layer by layer structure with white patches and cavities on the surface. It is well known that the principal mechanisms of inelastic deformation in rubber-toughened polymers are shear yielding and multiple crazing in the rigid matrix phase, and cavitation in the soft disperse phase. The white patches on the PP/EPDM surface can be correlated with crazing behaviour and cavities present in these surfaces can be correlated with mechanically induced cavitation behaviour of the blends. [3], Morphology of impact fractured PP/EPDM7.5/Uncoated coir composites are shown in figure Fig.6.12.

/EPDM/Coir composites 6 . 6 . 1

 661 Low shear rate rheologyThe low shear rate rheology (for shear rates less than 100 sec-1) of uncoated and FAS coated coir fiber filled PP/EPDM composites were studied using an Anton Paar, CTD 450, Physica MCR 301 rheometer. Before experiments, the samples were dried at 60 0 C for 12 h and compression moulded to the thickness about 2 mm. The viscosities versus shear rate of PP/EPDM/Coir composites were plotted in figure Fig.6.14.

Fig. 6 . 14 .

 614 Fig.6.14. Viscosity versus shear rate of PP/EPDM/Coir composites

  (ω) using an Anton Paar, CTD 450, Physica MCR 301 rheometer. Before experiments, the samples were dried at 60 0 C for 12 h and compression moulded to a circular shape having diameter 25mm and the thickness about 2 mm. The complex viscosity versus frequency of polypropylene and PP/EPDM composites are shown in figure Fig.6.15.
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 6156166176 Fig.6.15. Frequency dependence of complex viscosity in PP/EPDM/Coir composites The complex viscosity found to be decreases with increase in frequency which shows the melt is in pseudo plastic state. It can also observe that the values of viscosity increases continuously with increasing concentration of coir fibers which may be attributed to the
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 61920 Fig.6.18 % crystallinity versus cooling rate of PP/EPDM7.5/Coir composites
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 66 Fig.6.21 Relative crystallinity (Xt) versus Temperature of PP/EPDM/Uncoated Coir composites at different cooling rates (10, 15, 20, 25, 30 0 C min -1 )

Fig. 6 .Fig. 6 .

 66 Fig.6.23 Relative crystallinity (Xt) versus Time of PP/EPDM/Uncoated Coir composites at different cooling rates (10, 15, 20, 25, 30 0 C min -1 )
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 6 Fig.6.26 Nucleation activity by Dobreva and Gutzowa approach for various PP/EPDM/Coir compositions
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Fig.1.3. Surface

  modification process of plasma treated glass fibers Plasma treatment of glass fibers leads to the generation of numerous free radicals, the cleaning action of removing water layers on the glass fiber surface and the prevention of a weak boundary layer. Plasma treatment results in improvement of the surface wettability, the

	mechanical bond with the poly(phthalazinone ether sulfone ketone) resin [30].Park et al
	indicated that modified the surface roughness of aramid fiber increased mechanical
	interlocking between the fiber surface and vinylester resin [31].
	1.5
	surface activation energy and forms desirable interfacial binding of glass fibers with epoxy
	resins.
	Kevlar fiber, characterized by high tenacity, high modulus and strength, and low
	electrical conductivity compared with metallic and carbon fibers, is widely used in the
	manufacturing of advanced high performance composites[28]. Tribological properties
	.Lim et.al investigsted that plasma surface modification of between kevlar fibers and most resins is poor because of the high crystallinity and smooth
	glass and glass fibers enhanced the surface resistance rate and dielectric property. Surface surface of the kevlar fiber resulting in chemical inertness. Guo et al investigated that the
	modification process of plasma-treated glass fiber is shown below[27]. plasma treatment generates oxygenic and nitrogen based functional groups on the surface of
	the fabric, togather with an increase of the surface roughness, strengthening the bond between
	the kevlar fabric and phenolic adhesive resin and hence improving the tribological properties
	of the Kevlar fabric/phenolic composites.Su et al found that oxygen-plasma treatment
	significantly changed the interfacial adhesion by changing the chemistry and morphology of
	the surfaces of the kevlar fibers which in turn results in improved interlaminar shear strength,
	water resistance and dielectric properties of the final composite material[29].Wang et al
	investigated that the aramid fiber surface was roughened by plasma treatment enhancing the

.2 Plasma treatment of Natural fibers

  

	such as decreased permeability, destruction of fungal diseases and timber mold, a wonderful
	manifestation of the texture of wood and color (golden brown), and increased resistance to
	abrasion is formed. [36]. Acda et.al showed that plasma modification resulted in significant
	improvement in work of adhesion for the three wood species [37]. Cho et al treated wood
	with hydrophobic plasma polymers to reduce the water penetration [38].
	The growing global energy crisis and ecological risks lead to the the growing interest on Seki et. al investigated that RF plasma system is more effective in improving the interfacial natural and sustainable materials, like natural fibers, in order to replace synthetic or non-adhesion between the jute fiber and polyester matrix [39]. O 2 plasma treatment also improved renewable sources of materials. Natural fibers are known to be the prime source for cellulose the tensile and flexural strengths of jute fiber/ polyester composites. Gibeop et al investigated content around the globe. The natural fibers are composed of cellulose as the major that etching effect of the plasma treatment creates the rough surface for the jute fiber, component with some non-cellulosic components. The non cellulosic components include enabling good interlocking between jute fiber and PLA matrix [40]. Sever et al found that lignin, hemicelluloses, protein, pectin, ash, waxes, sugars, pigments etc. Due to the poor when RF plasma system was used, the interlaminar shear strength (ILSS) values of the adhesion between the hydrophilic natural fibers and hydrophobic polymer matrix, large Jute/HDPE composites increased with increasing plasma power [41]. Oliveira et al found that moisture uptake, and poor flame-retardant properties questions its viability in many the plasma treated banana fibers showed significant improvement in hydrophilicity and applications. Due to the environmental friendly nature, plasma surface modification is spreading of distilled water after treatment in the fiber"s surface [42]. Gorjanc et al emerged as a new technique to modify the natural fibers. Many research groups have studied investigated that the CF4 plasma treatment caused substantial etching of the fibers and led to the influence of low-pressure plasma treatment on cellulose fibers to improve the adhesion a dramatic increase in the surface roughness, which, in turn, led to higher adsorption of silver between a polymeric matrix and natural fibers. Farias et.al investigated that low pressure nanoparticles [43]. Vasiljevic et al. investigated that the plasma pre-treatment increased the oxygen plasma surface modification of coir fibers partially etched the amorphous layer which effective concentration of the FAS network on the cotton fabric, which resulted in enhanced covers most of the fibers pointing to the surface lignin removal. As a result, the surface water repellency before and after repetitive washing, compared with that of the FAS-coated roughness has increased and partially exposed the crystalline cellulose underneath [32]. Praveen et.al also investigated that low pressure oxygen plasma converts coir fiber surface to fabric sample without the plasma pre-treatment [44].
	extremely hydrophilic. Chapter 3 explained the details of this work. Enciso et al reported that
	low pressure plasma treatment of flax fiber improves adhesion between flax fiber surface and
	polyethylene matrix [33]. Sarikanat et al investigated that the mechanical properties of flax
	fiber-reinforced polyester composites such as flexural strength, flexural modulus, ILSS,
	tensile strength, and tensile modulus were improved successfully by modifying the flax fiber
	surface via atmospheric air and argon plasma treatments [34]. Oliveira et al found that that
	the plasma treatment of coir fibers causes an increase in hydrophilicity and surface
	roughness, enabling them better sorption properties [35]. Volokitin et al efficiently used low-
	temperature plasma to create a protective-decorative coating on the surface of wood species.
	After processing with plasma, the material retains its environmental quality, while improving
	its physical, mechanical and decorative properties. When the surface of wooden products is
	exposed to low-temperature plasma the polished layer having high performance properties,

Table 1 .1 Physical properties and chemical composition of coir fiber

 1 

	Constituents	Composition (%)	Diameter(µm)	Micro fibrillar
				angle ( 0 )
	Cellulose	36-43		
	Lignin	41-45		
	Hemicellulose	0.15-0.25	250-350	30-49
	Pectins	3-4		
	Water soluble materials 7-8		
	A typical cross section of coir fiber viewed under scanning electron microscopy (SEM) is
	shown in figure Fig.6			

Table 2 . 1

 21 Properties of Polypropylene

	Typical Characteristics			
	Property	Test Method	Unit	Value
	Notched izod impact strength (23 °C)	ASTMD256	kJ/M 2	1.9
	Tensile Strength at Yield (1 mm/min)	ASTMD638	MPa	22
	Elongation a yield (1 mm/min)	ASTMD638	%	3
	Melt flow (230°C/2.16 kg)	ASTM D1238	g/10 min	38
	Heat deflection			
	temperature (455	ASTM D648	0 C	104
	kPa)			
	Flexural Modulus	ASTMD790A	MPa	1508

High-molecular grade ethylene-propylene-diene rubber (EPDM), Keltan 9565Q DE is selected as material for dispersed phase was supplied by Ramcharan Co. Pvt Ltd, India an authorised representative of LANXESS Deutschland GmbH, Germany. It is a semi crystalline ethylene-propylene rubber, with medium ENB (ethylidenenorbornene) content and a very high Mooney viscosity at 50phr colourless oil extension. The exceptional high molecular weight in combination with the relatively low oil content offers the best dynamic performances in very polymer rich formulations, such as for (engine) mounts, (torsional)

Table 2 . 2

 22 Properties of Keltan 9565Q DE

	Property	Nominal Value	Unit	Test Method
	Mooney Viscosity ML (1+8)	67	MU	ASTM D 1646
	Ethylene content	62	wt%	ASTM D 3900
	ENB content	5.5	wt %	ASTM D 6047
	Molecular weight distribution	Narrow		LANXESS
	Oil content	50	phr	ASTM D 5774

The coir fibers used in this study were collected from Central Coir Research Institute (CCRI), Alappuzha, Kerala, India. It has an average diameter of 300µm and a specific gravity of 1.15g/cm 3 .

Table 2 .3 Properties of Coir fibers

 2 

	Constituents	Composition (%)
	Cellulose	36-43
	Lignin	41-45
	Hemicellulose	0.15-0.25
	Pectins	3-4
	Water soluble materials	7-8

Table 2 .

 2 highest impact strength as well as pull out strength with pristine as well as FAS coated fibers. Composites of PP/EPDM/Coir were prepared by varying the concentration of coir fiber of 10, 20, 30 and 40 pph (volume fraction ϕ f =0.07, 0.13, 0.19 and 0.24).The ϕ f values of composites were calculated using equation 2.4.The formulations of PP/EPDM blends as well as PP/EPDM/Coir composites are shown in Table 2.4 and Table 2.5. 5 PP/EPDM/Coir composite formulations

		(	)	
	(	) (	) (	)
		Table 2.4 PP/EPDM blend formulations
	Polypropylene(in	EPDM (in phr)	Volume fraction of EPDM,
	phr)				ϕ d
	100			0	0.00
	100			2.5	0.02
	100			5	0.04
	100			7.5	0.06
	100			10	0.08
	100			20	0.15
	100			30	0.21
	Polypropylene(in	EPDM (in phr)	Coir (in phr)	Volume fraction,
	phr)				ϕ f
	100		7.5		10	0.07
	100		7.5		20	0.13
	100		7.5		30	0.19
	100		7.5		40	0.24

The blend composition of 100pph polypropylene (PP) and 7.5pph ethylene-propylene-diene rubber (EPDM) was selected for composite fabrication because it registered

5 Preparation of test specimens

  

The melt compounded PP/EPDM blends and PP/EPDM/Coir composites were moulded into

Table 3 . 1

 31 Average water absorbency time and water absorptive capacity of coir fibers according to plasma treatment

	Size of plasma	Pressure	Treatment	Water absorbency	Water
	chamber	(Pa)	time (s)	time (s)	absorptive
					capacity (%)
	-	0	0	122	39
	Small	50	1	2	68
			3	2	78
			5	2	78
			10	2	83
			15	1	85
	Small	75	1	1	76
			3	1	83

Table 4 .

 4 From the table 4.1, it is clearly see that the FAS coated Coir shows a tremendous improvement in hydrophobicity compare with pristine coir fibers. The water repellent properties (hydrophobic behaviour) of coir fibers are due to the extremely low surface free energy of the FAS polymer network formed on the coir fibers. Similar results were obtained in previous studies

	Liquid used	Name of	Work	of	Number	of	Average	Standard
		the	adhesion		measurements	value of	deviation
		sample					contact	
							angle	
	Water	Untreated	121.7		30		48	3.91
		Coir						
		FAS	46		30		112	3.86
		coated						
		Coir						
	Ethylene glycol	Untreated	83.7		30		43	3.63
		Coir						
		FAS	43.5		30		96	3.41
		coated						
		Coir						
	Tricresylphosphate	Untreated	65		30		29	2.41
	(TCP)	Coir						
		FAS	77		30		54	3.58
		coated						
		Coir						

1 

Average values (n=30) of the contact angle of the different conditions of coir fibers (untreated, and FAS coated).

Table 4 .

 4 In Table4.3, the surface energies of the untreated as well as FAS coated coir samples were calculated by using Van Oss et al. approach.

	2 Surface energy components (mJ/m 2 ) ϒ s , ϒ s d and ϒ s p of untreated as well as sol-gel
	coated coir fibers were calculated by using Owens-Wendt formula (based on geometric mean
	approach)-All dimensions are in "mN/m"		
	Sample	ϒ s	ϒ s d	ϒ s p
	Untreated Coir	48.2	20.2	28
	FAS Coated coir	22.4	22.4	0
	From the Table 4.2, it can be inferred that, the untreated coir fibers shows a dispersive
	surface free energy component of 20.4mN/m and a polar surface free energy component of
	28mN/m. It is due to the fact that the uncoated coir fibers surfaces are rich in hydroxyl groups
	which contribute to the hydrogen bonding. But in the case of FAS coated fiber surfaces, it can
	be seen that surface energy/tension is purely dispersive. It is an indication of hydrophobic

nature of the FAS coated coir fiber surfaces. The total surface free energy dropped from 48mN/m for uncoated coir fibers to 22.4mN/m for FAS coated fiber also confirms the transformation to hydrophobic behavior of coated fibers.

Table 4 . 3

 43 Surface energy components (mJ/m 2 ) of untreated as well as sol-gel coated coir fibers were calculated by the acid-base method using three probe liquids [water (polar),

	ethylene glycol (polar) and tricresylphosphate (TCP-nonpolar)] -All dimensions are in
	"mN/m"					
	Sample	ϒ s	ϒ s LW	ϒ s -	ϒ s +	ϒ AB
	Untreated Coir 36.9	36.1	41.3	0.0	0.8
	FAS Coated	27.5	25.7	0.8	1	1.8
	coir					

Table 4 .

 4 3 shows another approach of the surface energy based on Lewis acid-base concept applied to surfaces by Van Oss et.al. method. The Lifshitz-van der Waals (ϒ

LW ), acid-base components (ϒ AB ), and total surface free energies of uncoated and FAS coated coir fibers were calculated from contact angle measurements. The total free energy is the sum of the Lifshitz-Van der Waals and the combined acid (ϒ s + ) and base (ϒ s -) components. According

Table 4 . 4

 44 Average water absorbency time and water absorptive capacity of uncoated and FAS coated coir fibers

	Type of coir fibers	Water	Water
		absorbency time	absorptive
		(s)	capacity (%)
	UNCOATED	122	39

Table 4 . 5

 45 Sample's surface composition in at. % (average of two measurements) It can be inferred from the results that the oxygen plasma pre-treatment simultaneously induced a decrease in the atomic concentration of carbon and an increase in the atomic concentration of oxygen, which resulted in an increase in the O/C atomic ratio of the plasma treated sample compared with the untreated sample.

								O/C
			C	N		O	F	Si	ratio
	Untreated		68.1	2.2		28.3		1.5	0.42
	Plasma		63.8	3.2		30.1		2.9	0.47
	Plasma + sol-gel	35.5	-		8.2	52.1	4.3	0.23
	REF_100.spe: neobdelana vlakna						Company Name
	2017 Apr 10 Al mono 300.0 W 0.0 45.0° 187.85 eV			1.5081e+004 max	7.50 min
	Sur1/Full/1 (Bin11)						
				REF_100.spe			
	18000						
		Neobdelan			Atomic %	
	16000	-O1s			C1s O1s	67.4 28.6	
	14000			-C1s	Si2p N1s	2.1 1.9	
	12000						
	10000						
	c/s						
	8000						
	6000						
	4000		-N1s				
	2000				-Si2s	-Si2p	-O2s
	600 0	500	400	300	200	100	0
			Binding Energy (eV)			

Table 4 . 6

 46 Tensile measurements of uncoated and coated fibers

	Type of	Breaking	σ	Breaking	σ	Modulus	σ	Elongation	σ
	coir fibers	force (N)		strength		(MPa)		at break (%)	
				(MPa)					
	Uncoated	6.4	0.8	108.1	8.5	1819.1	35.3	45.9	3.3
	FAS	9.8	1.1	148.3	10.4	2004.6	42.4	60.4	2.5
	coated								

Table 2 .

 2 4 (Refer Chapter 2, Table2.4).The PP/EPDM blends were prepared first by dry blending followed by melt compounding using a Brabender Plasticorder mixer (model W 50 EHT). The melt compounded PP/EPDM blends were moulded into sheets using hot pressing (compression moulding) technique. The prepared sheets then cut into appropriate shapes and dimensions for various characterisations.

Table 5 . 1

 51 Average diameter of EPDM spherical particles measures using Image J

	Sample ID	Average diameter (nm)	σ
	EPDM2.5	190.5	33.2
	EPDM7.5	380.8	41.7
	EPDM10	599.6	38.5

Table 5 . 2

 52 Non isothermal crystallisation exotherms of PP and PP/EPDM blends

	Sample ID	Cooling rate ( 0 C/min)	T o ( 0 C)	T c ( 0 C) ΔH c (Jg -1 )	Tm ( 0 C)	ΔT c ( 0 C)
		10	120.45	114.17	91.66	164.17	50
		15	118.22	112	90.02	163.5	51.5
	PP	20	116.66	110	88.71	164	54
		25	115.45	108.75	87.97	163.33 54.58
		30	114.54	108	87.27	163.5	55.5
		10	120.69	113.83	84.14	164.33	50.5
		15	118.65	111.25	83.23	164.25	53
	EPDM2.5	20	117.16	109.67	81.9	164	54.33
		25	115.92	107.92	80.76	164.17 56.25
		30	114.92	106.5	80.13	164	57.5
		10	119.47	113.67	86.49	162.5	48.83
		15	117.09	111.5	84.82	162.25 50.75
	EPDM5	20	115.65	109.67	84.42	162.33 52.66
		25	114.63	108.75	83.08	162.08 53.33
		30	113.82	107.5	81.52	162	54.5
		10	119.02	111.5	79.57	165.17 53.67
		15	116.42	109	78.24	165.75 56.75
	EPDM7.5	20	114.63	107	77.46	166.33 59.33
		25	113.3	105.42	77.17	166.25 60.83
		30	112.19	104	75.15	166.5	62.5
		10	118.7	111.5	72.89	165.5	54
		15	116.1	108.75	72.11	166	57.25
	EPDM10	20	114.34	107	71.34	166.33 59.33
		25	112.95	105.42	70.75	166.67 61.25
		30	111.8	104	70.26	167	63
		10	117.38	112.17	68.43	163.33 51.16
		15	115.63	110.75	67.63	162.5	51.75
	EPDM20	20	114.63	109.67	67.32	162.33 52.66
		25	113.86	108.75	65.91	162.08 53.33
		30	113.21	107.5	65.22	162	54.5
		10	116.96	111.33	60.52	164.17 52.84
		15	114.75	109.25	59.56	164.25	55
	EPDM30	20	113.46	107.67	59.44	164.33 56.66
		25	112.48	106.25	59.12	164.58 58.33
		30	111.65	105	58.53	164	59

Table 5 .

 5 3 % crystallinity of PP and PP/EPDM blends

	Sample ID	Crystallinity (%)
	PP	43.0
	EPDM2.5	40.6
	EPDM5	42.6
	EPDM7.5	40.3
	EPDM10	38.0
	EPDM20	38.8
	EPDM30	37.3

Table 5 . 4

 54 Nucleation activity values by Dobreva and Gutzowa method for PP/EPDM blends

	Sample ID	Slope (B or B*)	Slope (B or B*)	Nucleation activity
	PP	B	4.83	1
	EPDM 2.5	B*	4.16	0.86
	EPDM 5	B*	4.86	1.01
	EPDM 7.5	B*	3.48	0.72
	EPDM 10	B*	3.49	0.72
	EPDM 20	B*	8.51	1.76
	EPDM 30	B*	4.72	0.98

Table 5 . 5

 55 Glass transition temperature values of PP/EPDM blends

	Sample ID	Glass	transition
		temperature ( 0 C)
	PP		-9.77
	EPDM 2.5	-10.06	-48.70
	EPDM 5	-10.14	-45.76
	EPDM 7.5	-10.10	-53.39
	EPDM 10	-10.12	-45.74
	EPDM 20	-10.12	-51.40
	EPDM 30	-10.19	-49.45

Table 5 . 6

 56 Thermo gravimetric analysis (T onset , T max and T f ) of PP/EPDM blends

	Sample ID	T max ( 0 C)	Weight (loss
			%) at 700 0 C
	PP	463.29	99.88
	EPDM 2.5	464.08	99.87
	EPDM 5	465.87	99.86
	EPDM 7.5	466.08	99.89
	EPDM 10	465.61	99.91
	EPDM 20	466.75	99.93
	EPDM 30	467.38	99.95
	The values of maximum degradation temperature, T max found to be almost constant with all
	blend formulations; however a slight increase in T max with EPDM content is attributed to the
	thermal stability of high molecular EPDM grade (Keltan® 9565Q) used. The high value of
	maximum degradation temperature, T max is an indication of PP/EPDM rubber blends that can
	withstand high operating temperatures for long periods.	

Table 6 .

 6 1 PP/EPDM/Uncoated coir composite formulations

	Sample codes	Polypropylene(in	EPDM (in	Uncoated	Volume
		phr)	phr)	Coir (in phr)	fraction, ϕ f
	PP/EPDM 7.5/UC10	100	7.5	10	0.07
	PP/EPDM 7.5/UC20	100	7.5	20	0.13
	PP/EPDM 7.5/UC30	100	7.5	30	0.19
	PP/EPDM 7.5/UC40	100	7.5	40	0.24
	Where UC stands for uncoated coir			

Table 6 .

 6 2 PP/EPDM/FAS coated coir composite formulations

	Sample codes	Polypropylene(in	EPDM (in	FAS coated	Volume
		phr)	phr)	coir (in phr)	fraction, ϕ f
	PP/EPDM 7.5/SGC10	100	7.5	10	0.07
	PP/EPDM 7.5/SGC20	100	7.5	20	0.13
	PP/EPDM 7.5/SGC30	100	7.5	30	0.19
	PP/EPDM 7.5/SGC40	100	7.5	40	0.24

Table 6 .

 6 3 shows important crystallisation parameters such as crystallisation peak (T c ), onset temperature (T o ), Normalised enthalpy (ΔH c ), melting peak (T m ) and under cooling, ΔT c (where ΔT c = T m -T c ) temperatures of uncoated coated coir filled PP/PDM7.5 composites

Table 6 . 3

 63 Non isothermal crystallisation exotherms of PP/EPDM7.5/Coir composites

	Sample ID	Cooling rate ( 0 C/min)	T o ( 0 C)	T c ( 0 C) ΔH c (Jg -1 )	Tm ( 0 C)	ΔT c ( 0 C)
		10	120.93	115.5	78.9	163.5	48
		15	118.7	113	75.36	163.25	50.25
	UC10	20	117.09	111	75.24	163	52
		25	115.82	109.17	74.31	162.92	53.75
		30	114.71	108	71.32	163	55
		10	122.33	115.67	59.52	163.33	47.66
		15	119.61	113.5	57.33	162.25	48.75
	UC20	20	118.09	112	56.53	161.67	49.67
		25	117	110.42	54.87	161.25	50.83
		30	116.09	109	53.78	161.5	52.5
		10	123.45	116.67	47.98	163.17	46.5
		15	121.17	114	47.51	162.75	48.75
	UC30	20	119.58	112	46.41	163	51
		25	118.39	110.42	45.97	162.92	52.5
		30	117.31	108.5	45.52	162.5	54
		10	123.58	117.5	50.28	164.5	47
		15	121.72	115.25	49.98	163.75	48.5
	UC40	20	120.43	113.67	49.04	163.33	49.66
		25	119.34	112.5	48.01	162.92	50.42
		30	118.44	111	48.28	162	51
		10	119.72	114	77.69	162.83	48.83
		15	117.59	111.5	77.46	162.75	51.25
	SGC10	20	116.1	109.67	76.4	162.33	52.66
		25	114.94	108.75	74.99	162.08	53.33
		30	114	107.5	74.21	161.5	54
		10	121.53	115.33	60.14	166	50.67
		15	119.27	112.75	58.95	165.75	53
	SGC20	20	117.64	110.67	58.54	165.67	55
		25	116.3	108.75	58.47	165.83	57.08
		30	115.14	107	57.33	166	59
		10	122.43	115.5	53.29	166.5	51
	SGC30	15 20	120.24 118.63	113.25 111	52.82 52.08	166.5 166.33	53.25 55.33
		25	117.3	109.58	51.49	166.25	56.67

Table 6 .

 6 4 shows the average crystallinity values of PP /EPDM7.5/Coir composites obtained using DSC analysis.

	Table 6.4 % crystallinity of PP/EPDM7.5/Coir composites blends
	Sample ID	Crystallinity (%)
	UC10	42.5
	UC20	34.7
	UC30	31
	UC40	34.2
	SGC10	43.2
	SGC20	36.1
	SGC30	34.7
	SGC40	39

Table 6 . 5

 65 5/Coir composites was determined by Dobreva and Gutzowa method. The value of B or B* was Nucleation activity values by Dobreva and Gutzowa method for PP/EPDM/Coir composites

	obtained from the slope of Log (R) vs. 1/ ΔT c	2 shown in figure Fig.6.26 and are listed in
	Table 6.5.			
	Sample ID	Slope (B or B*)	Slope (B or B*)	Nucleation activity
	EPDM7.5	B		3.48	1
	UC10	B*		3.92	1.13
	UC20	B*		5.69	1.63
	UC30	B*		3.55	1.02
	UC40	B*		6.52	1.87
	SGC10	B*		5.18	1.49
	SGC20	B*		3.55	1.02
	SGC30	B*		4.32	1.24
	SGC40	B*		4.15	1.19

Table 6 . 6

 66 Glass transition temperature values of PP/EPDM/Coir composites Two inflection points observed corresponds to two glass transition temperatures exist in the system. Compare with PP/EPDM blends, no significant change in glass transition temperature of PP/EPDM/Coir composite was observed. However in the case of composites, the difference of two glass transition temperatures decreases which in turn can be an indication of reducing the immiscible nature of PP/EPDM /Coir system.

	Sample ID	Glass	transition
		temperature ( 0 C)
	PP		-9.77
	EPDM 7.5	-10.10	-53.39
	UC10	-10.13	-49.08

6.8 Thermo gravimetric (TGA) analysis

Table 6 .

 6 7 shows the values of thermo gravimetric analysis (maximum degradation temperature, T max and % weight loss of sample) of PP/EPDM/Coir composites

Table 6 . 7

 67 Thermo gravimetric analysis (T onset , T max and T f ) of PP/EPDM/Coir composites

	Sample ID	T max1 ( 0 C)	Weight (loss	T max2 ( 0 C)	Weight (loss
			%) at 700 0 C		%) at 700 0 C
	PP	-	-	463.29	99.88
	EPDM7.5	-	-	464.08	99.87
	UC10	349.73	6.88	468.23	90.55
	UC20	359.51	12.14	468.46	83.49
	UC30	353.60	16.98	469.03	76.47
	UC40	349.27	19.15	468.92	73.66
	SGC10	354.96	5.89	467.21	92.03
	SGC20	331.91	9.24	467.28	79.71
	SGC30	335.43	10.94	467.92	73.96
	SGC40	350.01	12.93	467.67	69.97
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ABSTRACT

The present chapter describes the plasma induced effects on the surface properties of natural coir fibers. Weakly ionized oxygen plasma was created in two different discharge chambers by an inductively coupled radiofrequency (RF) discharge. The water absorption studies showed an increase of water sorption from 39% to 100%. The morphological study using scanning electron microscopy (SEM) analysis also confirmed the surface changes which were observed after the plasma treatment. The topographic measurements and phase imaging done using atomic force microscopy (AFM) indicated difference in topographic features and etching of coir wall, which points to the removal of the first layer of coir fiber. X-ray photoelectron spectroscopy (XPS) analysis revealed that the oxygen content measured for samples treated at 50 Pa increased from initial 18% to about 32%.

ABSTRACT

This chapter describes a novel technique based on spray-dry-cure method to establish a hydrophobic sol-gel coating on the coir fiber surface. The hydrophobic surface was characterized by water contact angle analysis, scanning electron microscopy (SEM), atomic force microscopy (AFM) and X-ray photoelectron spectroscopy (XPS).The contact angle measurements shows the hydrophobic behavior of coir fiber surface. AFM analysis shows that the surface architecture of the FAS coated coir samples was significantly changed as a result of the sol-gel coating. The smooth surface morphology of FAS coated coir fibers obtained using SEM confirms the uniform spraying of fluoroalkyl functional siloxane (FAS) on the surface. Surface survey spectra from XPS analysis reported a fluorine (F 1s) content of 52.1% for FAS coated coir fiber which contributes to the hydrophobic nature of coir fibers. The tensile analysis were performed on the elementary as well as FAS coated fibers to determine the average breaking force, breaking strength, modulus and elongation at break of both uncoated and FAS coated fibers.

CHAPTER 5 MECHANICAL, MORHOLOGICAL, RHEOLOGICAL AND THERMAL PROPERTIES OF PP/EPDM BLENDS ABSTRACT

Polypropylene (PP) and ethylene-propylene-diene rubber (EPDM) blends were prepared with different constitutive ratios using melt blending followed by compression moulding technique. The tensile, impact and flexural analysis of all blend formulations were carried out. The morphological examinations of cryofractured and impact fractured surfaces were done using SEM and HRTEM to identify mechanisms of toughening in PP/EPDM blends.

The low shear rate rheology and dynamic viscoelastic properties of blends were carried out to study rheological behaviour of PP/EPDM blends. Non-isothermal crystallisation kinetics, nucleation activity and glass transition temperature of blends were investigated using DSC analysis. The maximum degradation temperature of blends was obtained by thermo gravimetric (TGA) analysis.

Conclusions

The average breaking force, breaking strength, modulus and elongation at break of FAS coated coir fibers was found to be higher than uncoated coir fibers. Among pure polypropylene as well as PP/EPDM blends, PP/EPDM 7.5 registers highest impact strength value and also comparable tensile and flexural properties with other blend formulations. The critical diameter of rubber particles were obtained at 7.5 pph of EPDM in PP/EPDM blends and are measured to be 380.8nm. It was found that the mechanically induced cavitation behaviour is responsible for the impact resistance of PP/EPDM blends.

Low shear rate rheology points to the shear thinning behaviour of PP/EPDM blends. The complex viscosity found to be decreases with increase in frequency which shows the melt is in pseudo plastic state The storage modulus (G") and loss modulus (G"") of blends shows an increasing trend with oscillatory frequency analysis . Non-isothermal crystallisation kinetics studied using DSC analysis shows a lag effect of cooling rate on crystallization in PP and PP/EPDM blends. No specific nucleation activity of EDM was observed in PP/EPDM blends.

The high value of maximum degradation temperature obtained using TGA analysis indicates the stability of PP/EPDM blends to withstand high operating temperatures for long periods.

By comparing all the above findings, the PP/EPDM 7.5 was chosen as the best blend formulation is chosen for the composite fabrication process.

ABSTRACT

The effective length of coir fiber to be used in composites is determined based on critical length of fibers. Based on the optimized PP/EPDM7.5 blend formulation, the uncoated as well as FAS coated coir filled composites were prepared by varying coir fiber content from 10pph to 40pph. The tensile, impact and flexural analysis of all the composite formulations were carried out. The morphological examinations of cryofractured and impact fractured composite surfaces were studied using scanning electron microscopy (SEM). The low shear rate rheology and dynamic viscoelastic properties of composites were carried out to study rheological behaviour of PP/EPDM blends. Non-isothermal crystallisation kinetics, nucleation activity and glass transition temperature of composites were investigated using DSC analysis. The maximum degradation temperature of blends was obtained by thermo gravimetric (TGA) analysis.

Determination of critical length of coir fibers

The mechanical characteristics of a fiber-reinforced composite depend not only on the properties of the fiber, but also on the degree to which an applied load is transmitted to the fibers by the matrix phase. Some critical fiber length is necessary for effective strengthening and stiffening of the composite material. This critical length is dependent on the fiber diameter d and its ultimate (or tensile) strength (σ) and on the fiber-matrix bond strength (τ).

In single-fiber pull-out test, the pull-out stress in general increases linearly with the fiber length embedded in the matrix. The fiber fails when the pull-out stress reaches the fiber failure stress and the minimum embedded length at which the fiber fails is termed as the critical fiber length, l c .

To find out the critical length of coir fiber in PP/EPDM 7.5 matrix, different embedded fiber lengths of 25mm,20mm,10mm,5mm,2.5mm,1mm,0.5mm and 0.25mm in PP/EPDM 7.5 matrix were tried. It is found that, the minimum length (critical length) required to hold the coir fiber in PP/EPDM 7.5 matrix will be equal to .25mm. l c value of FAS coated fibers may be slightly lower compare with uncoated fibers. The melt grafted FAS coated fibers on EPDM enables better bonding between fibers and matrix. i.e., higher the fiber-matrix adhesion, lower the l c. Brahmakumar et al. also reported the dependence of surface modification on pull out strength of coir fibers in LDPE matrix and they observed that the asreceived fiber with waxy surface layer shows higher pull-out stress at all "l/d" values resulting in fiber failure at lower embedded length (30 mm) than of the wax-free fiber (40 mm) [1]. To prepare the coir based PP/EPDM composites, the effective length of the fibers is chosen as 30 times the critical length of coir fibers (based on the assumption that, this factor of safety will enable the transfer of stress from matrix to fibers).Therefore the effective length chosen for coir based composite preparation is 0.25mm * 30=7.5mm.

Polypropylene (PP) / Ethylene-propylene-diene rubber (EPDM) / Coir composites

By selecting PP/EPDM7.5 as the matrix, the coir fiber content was varied from 10pph to 40pph to fabricate the PP/EPDM/Coir composites. The composites were prepared with both uncoated as well as FAS coated coir fibers. The different compositions used for preparing composites are displayed in Table 6.1 and table 6.2. The PP/EPDM/Coir composites were prepared first by dry blending followed by melt compounding using a Brabender Plasticorder with uncoated ones, slightly higher work is required to pull out FAS coated coir fibers from PP/EPDM 7.5 matrix. This could be due to the fact that, the extremely hydrophobic silane based FAS coated fibers melt grafted on EPDM in Brabender melt mixer which in turn improves the pull-out strength values for FAS coated fibers in PP/EPDM matrix.

The work for debonding is given as:

Where d = fiber diameter, σ f = failure strength of the fiber, l d = length of the debonded zone and E f = fiber modulus.

By assuming the unit length of the debonded zone in composites, it is found that the FAS coated coir filled composites requires more work to debond the fibers from PP/EPDM7.5 matrix than uncoated ones. If the length of fiber debonded zone increases upon impact on composites, the work for debonding is found to be higher or in other words, more energy is dissipated if the debonded zone is long. The super hydrophobic behaviour of coir fibers pointing to the fiber matrix debonding in this system. The higher work to pull-out as well as work for debonding values of FAS coated coir fibers with PP/EPDM7.5 matrix than uncoated fibers points to the efficient energy dissipation in these composites upon impact loads.

Morphological analysis of PP/EPDM/Coir composites

The impact fractured samples of pure polypropylene (PP), PP/EPDM7.5 blend and its uncoated & FAS coated coir filled composite"s morphologies were analysed by scanning electron microscopy technique using Jeol JSM-6031 scanning electron microscope. The sample preparation procedure was explained in section 2.1.2.8.2. Initially, the impact fractured surface of the composite samples was sputter-coated with a thin gold layer (Edwards Sputter Coater) before viewing it under scanning electron microscope.

Morphology of impact-fractured samples

Morphology of impact fractured pure PP and PP/EPDM7.5 blend are shown in figure Fig. 6.11.

analysis indicates the stability of composites to withstand high operating temperatures for long periods.

CHAPTER 7 CONCLUSIONS AND FUTURE WORK

Studies on O2 plasma modification and fluoroalkyl functional siloxane (FAS) coating effects on natural lignocellulosic coir fibers... Praveen Kosappallyillom Muraleedharan 2018 of polypropylene and 7.5pph of EPDM was selected for the composite preparation because it registered highest impact strength and also gives highest pull-out stress value with coir fibers.

From the critical fiber length measurements, it is found that, the minimum length (critical length) required holding the coir fiber in PP/EPDM 7.5 matrix will be equal to .25mm.The results shows that the FAS coated fiber reinforced composites shows significant improvement in impact strength and impact energy values compare with uncoated fiber reinforced composites. During internal melt mixing of polypropylene, EPDM and FAS coated coir fibers in Brabender, the fluoro alkyl functional siloxane (FAS) coated coir fibers are melt grafted specifically on EPDM sites. This could be due to the unsaturation in diene monomer exists in EPDM, which creates some additional reactive sites for silane grafting to occur (The grafting can also occur by abstraction of secondary hydrogen from a polypropylene sequence of EPDM). The influence of fiber properties on impact response of composites was studied. It was found that the failure strength of FAS coated coir fibers higher than the uncoated coir fibers which points to the improvement of impact response of composites with FAS coated fibers. Strain energy absorbing capacity of FAS coated coir fibers found to be 75% higher than the uncoated coir fibers which again points to the reason for significant improvement in impact response of FAS coated coir fiber reinforced composites. It can also be inferred from the SEM images that fiber pull-out, fiber fracture and fiber matrix debonding are the primary energy absorbing mechanism in FAS coated fiber filled composites. The rheological properties of the composites were obtained using parallel plate rheometry. Low shear rate rheology points to the shear thinning behaviour of PP/EPDM/Coir composites. The complex viscosity found to be decreases with increase in frequency which shows the melt is in pseudo plastic state. The storage modulus (G") and loss modulus (G"") of blends shows an increasing trend with oscillatory frequency analysis .Non-isothermal crystallisation kinetics of PP/EPDM/Coir composites were studied using differential scanning calorimetry (DSC)

analysis. The curve obtained by plotting relative crystallinity (Xt) vs. temperature (T) exhibits a reverse sigmoidal shape which indicates a lag effect of cooling rate on crystallization in composites. No specific nucleation activity of EPDM was observed in PP/EPDM blends. The high value of maximum degradation temperature and low sample weight loss % obtained using TGA analysis indicates the stability of composites to withstand high operating temperatures for long periods.

The resulting composites possess high impact strength properties and comparable tensile and flexural properties. The extremely high hydrophobic behaviour of coir fibers obtained using 
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