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Chapter-1: Introduction

 Rheological and Other Mechanical Properties of Polymers

Polymers do not exactly show Hookean elasticity (i.e., stress-strain proportionality). Plastics, i.e., solid polymers useful for article moulding, do not obey such simplistic Hookean elasticity or Newtonian viscous behaviour. They rather show viscoelastic behaviour, which includes all the following characteristics: 

Instantaneous elasticity: Under very rapid loading, and up to a characteristic stress-limit, the material behaves like an elastic solid, so that the ratio of stress to strain is constant and independent of time. 

Delayed elasticity: Under slower rates of loading the ratio of stress to strain depends on time; strains may become large but they are recoverable if the load is removed.

Viscous flow: Under very slow rates of loading some of the strain may be irrecoverable, indicating that the material has deformed in part like a viscous liquid rather than as a solid. Viscous flow is the result of slow displacement of entire polymer chains in relation to their neighbours.

These viscoelastic characteristics also depend on the type of stress, that is tensile, compressive or shear stress. Thus different mechanical properties of importance come into being. Most important of these properties may be formulated as follows:

(i) Tensile strength or tensile stress at break: The capacity of a material to resists a force tends to stress it. Ordinarily the term is used to denote the tensile force per unit area required to force a material to rupture, and is known variously as “breaking point”, “breaking stress”, “ultimate tensile strength” and erroneously as “breaking strain”.

(ii) Compressive strength or compressive stress at break: It is define as the crushing load at failure applied to a specimen per unit area of the resistance surface of the specimen.

(iii) Flexural strength: It is the pressure necessary to break a given sample when applied to the centre, which have been supported at the end.

(iv) Tensile Young’s modulus: It is the ratio of the tensile stress to the tensile strain at the low-load condition, and is a measure of the stiffness.

(v) Compressive Young’s modulus: It is the ratio of the compressive stress to the compressive strain at the low-load condition.

(vi) Impact strength: Impact strength is a measure of toughness or resistance to breakage under high velocity impact conditions. From this point of view, polymeric materials under normal conditions of use are thought to be either brittle or tough.

The overall stress-strain behaviour can be described by the following diagram (figure-1):


Figure 1:  Overall stress-strain behaviour for polymeric materials

This curve is usually established by continuously measuring the force developed as the sample is elongated at constant rate of extension until it breaks. Portions of the curve represent the stress-strain behaviour of any plastic and are used to define several useful quantities. The initial slope provides a value for Young's modulus (or the modulus of elasticity), which is a measure of stiffness. The curve also gives yield stress, and strength and elongation at break. The area under the curve or work to break is a rough indication of the toughness of the polymeric material. The stress at the knee in the curve (known as the yield point) is a measure of the strength of the material and of its resistance to permanent deformation. The stress at the breaking point, commonly known as ultimate strength, is a measure of the force required to fracture the material completely. Stress-strain behaviour for four typical classes of polymeric material is shown in Figure 2.
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Figure 2:  Tensile stress-strain curves for four types of polymeric materials

A hard brittle material such as an amorphous polymer far below its Tg usually has a very high modulus, moderate strength, a low elongation at break, and a low area under the stress-strain curve. Generally, such materials exhibit elastic deformation up to the point of fracture, which is a brittle fracture. Polymeric materials showing hard brittle behaviour at room temperature or below are polystyrene, polymethylmethacrylate (PMMA) and many phenol-formaldehyde (PF) resins.

Hard and strong polymers have high modulus of elasticity, high strength, and elongation at break of approximately 5 per cent. The shape of the curve often suggests that the material has broken where a yield point might be expected. This type of curve is characteristic of some rigid polyvinylchloride (PVC) formulations and polystyrene polyblends.

Hard and tough behaviour is shown by polymers such as cellulose acetate, cellulose nitrate and nylons; they have high yield points and high modulus, high strengths and large elongations.                               

Polymeric materials that are soft and tough show low modulus and yield values, moderate strength at break, and very high elongation ranging from 20 to 1000 per cent. This type of stress-strain curve is characteristic of plasticised PVC and rubbers (elastomers). The stress-strain behaviour of the various groups of polymeric materials is summarized in Table I.

	Examples and

Characteristics of 

Polymeric Materials


	Type of Polymeric Material

	
	Hard & Brittle
	Hard & Strong
	Hard & Tough
	Soft & Tough

	
	PS, PMMA,

Phenolics
	Rigid PVC, 

PS polyblends
	PE, PTFE
	Flexible PVC,

Rubbers

	Modulus
	High
	High
	High
	Low

	Yield Stress
	None
	High
	High
	Low

	Ultimate Strength
	Mod.
	High
	High
	Mod.

	Elongation at Break
	Low
	Mod.
	High
	High


Here PS = polystyrene, PE = polyethene, PTFE = polytetrafluoroethylene
Table I:  Characteristic Features of (Tensile) Stress-Strain Behaviour of Polymers
Chapter-2

Composites with Cellulosic Materials

A convenient way of improvement of rheological and mechanical property of polymer is composite formation with cellulosic materials. Cellulosic materials are easy to obtain and cheap. That is why lots of research has been going on this type of composites. It has been seen that lignocellulosic (i.e., wood-fibre) materials greatly influence the mechanical property of polymers.       

Singleton et al (1) prepared a composite laminate based on natural flax fibre and recycled high-density polyethylene by a hand lay-up and compression moulding technique. The mechanical properties of the composite were assessed under tensile and impact loading. Changes in the stress–strain characteristics, of yield stress, tensile strength, and tensile (Young's) modulus, of ductility and toughness, all as a function of fibre content were determined experimentally. A significant enhancement of toughness of the composite can be qualitatively explained in terms of the principal deformation and failure mechanisms identified by optical microscopy and scanning electron microscopy. These mechanisms were dominated by de-lamination cracking, by crack bridging processes, and by extensive plastic flow of polymer-rich layers and matrix deformation around fibres. Improvements in strength and stiffness combined with high toughness can be achieved by varying the fibre volume fraction and controlling the bonding between layers of the composite. 

Thwea et al (2) studied the resistance of bamboo-fibre reinforced polypropylene composite (BFRP) and bamboo-glass fibre reinforced polypropylene hybrid composite (BGRP) to hydrothermal aging and their fatigue behaviour under cyclic tensile load.  Tensile strength and elastic modulus of BFRP and BGRP samples have shown moderate reduction after aging at 25°C after 6 months; however, they were reduced considerably after aging at 75°C for 3 months. Moisture absorption and tensile strength degradation are suppressed by using maleic anhydride polypropylene (MAPP) as a coupling agent in both types of composite systems. BFRP and BGRP samples were also loaded cyclically at maximum cyclic load of 35, 50, 65, and 80% of their ultimate tensile stress. Results suggest that BGRP has better fatigue resistance than BFRP at all load levels tested. 

Okubo et al (3) reports development of composites using bamboo fibres, which was extracted by steam explosion technique from raw bamboo trees. The tensile strength and modulus of polypropylene (PP) based composites using steam-exploded fibres increased about 15% and 30%, respectively, due to well impregnation and the reduction of the number of voids, compared to the composite using fibres that are mechanically extracted. The steam explosion technique is an effective method to extract bamboo fibres for reinforcing thermoplastics. 

Pradhan et al (4) puts forward novel polymer-matrix composite using coconut shell powder (CSP) as a filler material, which has been processed by a powder metallurgy technique. A mixture of ultrahigh molecular weight polyethylene (UHMWPE) powder and CSP was compacted at 200°C in a die-punch arrangement. The composite material remained tough when the CSP content was 20–30 vol.%, as revealed by notch impact tests and fractography studies. However, the compressive strength of the UHMWPE–CSP composite decreased rapidly beyond 20 vol.% CSP. 

Yang et al (5) carried out an experiment to determine the possibility of using lignocellulosic materials as reinforcing fillers in the thermoplastic polymer composite. They used polypropylene as the matrix and rice-husk flour as the reinforcing filler. In the sample preparation, four levels of filler loading (10, 20, 30 and 40 wt.%) were designed. In the tensile test, six levels of test temperature (–30, 0, 20, 50, 80 and 110 °C) and five levels of crosshead speed (2, 10, 100, 500 and 1500 mm/min) were designed. Tensile strengths of the composites slightly decreased as the filler loading increased. Tensile modulus improved with increasing filler loading. Impact strength is lowered by the addition of rice-husk flour. The composite became brittle at higher crosshead speed, and showed plastic deformation with increasing test temperature. 

Chapter-3

Composites Containing Carbon-Based Fillers (C-Fibre/ Fly Ash)

Hassan and co-workers (6) have produced carbon-fibre reinforced polyamide 6,6 composite by extrusion and pultrusion technique. These techniques give short-fibre and long-fibre composites respectively. These composites were then injection moulded, followed by tensile testing and fibre length distribution characterization. It was found that pultrusion-compounded composites show improved tensile strength and tensile modulus despite the reduction in fracture strain.

A study has been carried out by Creighton et al (7) of the compressive strength of two grades of carbon-fibre/ epoxy composite with 0.67 fibre volume-fraction. Both grades were produced by a pultrusion technique, which generated very high degrees of fibre alignment. Differences in the pultrusion conditions for the two grades led to relatively high porosity levels in the interior of one of them, while the other was effectively pore-free. Initial results suggested compressive strengths, which were relatively low, considering the excellent fibre alignment, with little difference between the two grades. This is explained, with the help of finite element modelling work, as being due to the generation of stress concentrations near the end of the gauge length at the specimen periphery, where the two grades exhibited similar (pore-free) microstructures. This was confirmed by carrying out strength measurements with reduced specimen diameters (such that the pore-free region had been removed in the porous grade material) and thicker adhesive layers, reducing the stress concentration effect. These gave measured strengths of about 2.1 and 1.6 GPa respectively for pore-free and porous materials. After taking account the stress concentration effects associated with these tests, the corresponding true strengths are estimated at about 2.7 and 2.1 GPa. This reduction in strength due to the presence of the pores is largely attributed, again with support from FE modelling, to effect of the voids on the stress field within the material, when under load. 

In another experiment carried out by Li and others (8) fly ash from a coal-fired power plant was combined with post-consumer polyethylene terephthalate (PET) from a municipal solid waste (MSW) landfill to produce a moulded composite material. Fly ash content varied from 0 to 50% by weight. Properties of compressive strength, water absorption and density of the products were tested. The addition of fly ash increased the compressive strength by 31–53%. Water absorption was negligible for all the specimens.

The wear and transfer characteristics of four carbon-fibre reinforced polymer composites under distilled-water-lubricated and dry sliding against stainless steel were comparatively investigated by Jia et al (9). It is found that all the composites hold the lowered friction coefficient and showed much better wear resistance under water lubricated sliding against stainless steel than that under dry sliding. The worn pattern of composites was characterized by plastic deformation, scuffing, micro-cracking, and spalling under both dry- and water-lubricated conditions. XPS analysis conformed to the hypothesis that the transfer of composites onto the counterpart ring surface is significantly hindered under water lubrication. 

Chapter-4

Hybrid Composites

We can make composites of polymer by preparing the polymer so as to contain another material known as filler. However it is also possible to made polymer composites containing more then one fillers. These composite are known as hybrid composites. Extensive studies have been going on about hybrid composites made of glass fibre and lignocellulosic materials as fillers.      

Sreekala et al (10) studied the reinforcing effect of glass fibre on the mechanical performance of phenol-formaldehyde polymer hybrid composite prepared by using oil palm fibre and glass fibre as filler. It has been seen that tensile strength, tensile modulus and flexural strength increase with an increase in fibre loading. However elongation at break, flexural modulus and impact strength are found to decrease beyond 40 wt.% fibre loading.

They also investigated the hybrid effect of glass fibre and oil palm empty fruit bunch (OPEFB) fibre on the tensile, flexural and impact response of the composites. The overall performance of the composites was improved by the glass fibre addition. Impact strength shows great enhancement by the introduction of a slight amount of glass fibre. However the density and hardness of the hybrid composite decreases as the volume fraction of the OPEFB fibre increases.

An interesting experiment has been performed by Yhwea et al (2) on the property of a simple polymer composite, bamboo fibre reinforced polypropylene (BFRP) and a hybrid composite, bamboo-glass fibre reinforced polypropylene hybrid composite (BGRP). They studied the resistance of BFRP and BGRP to hydrothermal aging and their fatigue behaviour under cyclic tensile load. Injection moulded samples were exposed in water at 25 °C for up to 6 months and at 75 °C for up to 3 months. Tensile strength and elastic modulus of BFRP and BGRP samples have shown moderate reduction after aging at 25°C after 6 months, however, they were reduced considerably after aging at 75°C for 3 months. Moisture absorption and tensile strength degradation are suppressed by using maleic anhydride polypropylene (MAPP) as a coupling agent in both types of composite systems.

They also loaded BFRP and BGRP cyclically at maximum cyclic load of 35, 50, 65, and 80% of their ultimate tensile stress. Results suggest that BGRP has better fatigue resistance than BFRP at all load levels tested. 

On the other hand Rozman et al (11) prepared polypropylene hybrid using oil palm empty fruit bunch (OPEFB) and glass fibres (GF) as reinforcing agents. The incorporation of both fibres into PP matrix has resulted in the reduction of flexural and tensile strengths. Both flexural and tensile moduli have been improved with the increasing level of overall fibre content loading.
Three types of coupling agents, i.e. maleic-anhydride-modified PP (commercial name Epolene, E-43), polymethylenepolyphenyl isocyanate (PMPPIC) and 3-(trimethoxysilyl)-propylmethacrylate (TPM), were attempted. Overall, E-43 and TPM had imparted considerable improvements in the flexural and tensile properties. However, only slight improvements in some cases were shown for those composites treated with PMPPIC. 

Chapter-5

Composites Known as Polymer Concretes

Polymer concretes are a kind of concrete where natural aggregates such as silica sand or gravel are bound together with a thermostat resin such as epoxy. There is no Portland cement in polymer concrete.

Polymer concrete like concrete presents a poor response in tension. R.M Gueds (12) and co-workers carried out experiment in which composite beams made of polymer concrete un-reinforced and reinforced with glass fibre plastic bars have been submitted to long-term creep tests in a four point bending set-up at room temperature. They developed an analytical model to explain the creep experimental results of reinforced beams. The model assumed linear elastic behaviour of GFRP rebars and linear viscoelastic behaviour of polymer concrete. The theoretical analysis proved to be enough accurate to predict the creep strain of reinforced beams under loads between 15% and 45% of failure load. 

Concrete-filled steel tubular (CFT) structures are rapidly emerging as one of the inevitable structural systems for earthquake resistance, as they have been known to exploit the best attributes of both steel and concrete, resulting in higher stiffness, strength and ductility. However, the limitations imposed by certain drawbacks of cement concrete and which are not alleviated or moderated by the encasing steel tube, e.g. its high shrinkage, creep, brittleness, reactivity and low tensile strength, may be a hindrance to the rapid and diversified application of CFTs, in line with current emphasis on ductility-based seismic design. In this context, studies has been conducted by Oyawa et al (13) on filled steel composite members, employing lighter, more ductile, high tensile strength and inert polymer-based fill materials for the steel tube. Findings of these studies relating to the elasto-plastic response of filled steel composite stub columns subjected to axial compression highlight the significant increase in strength and/or ductility of epoxy polymer concrete-filled steel columns.

The flexural behaviour of polymer concrete (PC) made with different types of resins was evaluated in this study conducted by Abdel-Fattah and El-Hawary (14). A total of 54 beams were tested under four-point loading (36 singly reinforced and 18 un-reinforced) to examine different parameters that influence the behaviour of polymer concrete in flexure. The beams were made of resins that are widely used in concrete repair works in the Gulf region. Three types of polymer resins were investigated: two types of epoxy from two different manufactures and one type of polyester. The studied parameters included the percentage of polymer in the concrete mix (three percentages were used: 9, 12 and 15%), and the reinforcement ratio (ρ = 0, 0.0042 and 0.0116). The results show that the modulus of rupture and ultimate compressive strains for PC are much higher than that of ordinary Portland cement concrete. The beams showed a very ductile behaviour and high ductility factors were obtained. The test results were compared with the equations used in the ACI design method and several recommendations are made to modify some of those equations to become more suitable for the flexure design of PC. 

In general, it is expected that concrete structures using glass fibre reinforced plastic (GFRP) rebar as reinforcement could have improved durability compared to normal steel reinforcement because of corrosion resistance of the rebar. Abbasi et al (15) presented a paper in which they considers the effects of water and alkaline environments on the bond strength between the concrete and the rebar and strength and stiffness of the GFRP rebars at a range of different temperatures (20–120 °C). The three types of GFRP rods investigated in this work were subjected to alkaline solutions at 60 °C for three different exposure times, i.e. 30, 120 and 240 days. Tensile tests were carried out for physical–mechanical characterisation on the exposed rebar specimens. The aim of the study is to identify degradation processes and to show how accelerated ageing regimens can be used to differentiate between different GFRP rebar products in terms of durability. The results obtained from this work provide a base-line set of data which can be used in the future in conjunction with the thermal properties of the material to facilitate the modelling of the long-term properties of composite reinforced concrete structures at elevated temperatures.

Chapter-6

Polymer Composites Containing Inorganic Substances

Nowadays there have been extensive uses of inorganic substances in polymer composite. These substances include CaCO3 ???? etc. It has been seen that inclusion of these substances greatly influence the mechanical properties of the polymers used.

To know the effect of CaCO3 on the rheological and mechanical property of polymers, the micro-mechanism of plastic deformation during impact loading of 20% calcium carbonate - reinforced polyethylene micrometric composite was investigated by Tanirua et al (21). They use scanning electron microscopy and atomic force microscopy and the behaviour compared with the un-reinforced polyethylene under identical conditions of processing. The impact strength of composites is linked to structural studies by X-ray diffraction and atomic force microscopy observations. They concluded that the adoption of calcium carbonate in polyethylene has two primary effects: the reinforcement and the nucleating effect. The reinforcement effect increases the bulk crystallinity and bulk modulus, while the nucleating effect decreases the spherulite size. The addition of calcium carbonate to polyethylene increases impact strength in the investigated temperature range of –40 to +70 °C and alters the primary micro-mechanism of plastic deformation from crazing, tearing and brittle behaviour in neat polyethylene to particle-induced cavitations and fibrillation in the composite. 

Zuiderduin and others (22) also investigated polypropylene–CaCO3 composites which were prepared on a twin-screw extruder. They have found that the modulus of the composites increased, while the yield stress was lowered with filler content. This lowering of yield stress was connected to the de-bonding of the particles from the polypropylene matrix. From DSC experiments they shown that the particle content had no influence on the melting temperature or crystallinity of the PP phase, also particle size showed no effect on the thermal properties.

The impact resistance showed large improvement with particle content. The brittle-to-ductile transition was lowered from 90 to 40 °C with the addition of CaCO3 particles. The stearic acid coating on the particle surface showed a large positive effect on the impact strength. This was mainly due to the improved dispersion of the CaCO3 particles. Aggregates of particles clearly had a detrimental effect on the impact behaviour of the composites. The smaller particle sizes (<0.7 μm) showed coarse morphologies and this lowered the toughening efficiency. The molecular weight of the polypropylene matrix had a profound effect on the toughening properties. A higher molecular mass shifted the brittle-to-ductile transition towards lower temperatures. At the higher filler loads (>20 vol%), however, still problems seem to occur with dispersion, lowering the toughening efficiency. Of all particle types used in this study the stearic acid treated particles of 0.7 μm were found to give the best combination of properties. From the study of the micro-toughening mechanism it was shown that at low strain the particles remain attached to the matrix polymer. At higher strain the particles de-bond and this leads to a change in stress state at the particle size level. This prevents crazing of the matrix polymer and allows extensive plastic deformation, resulting in large quantities of fracture energy.

The flow behaviour of polyethylene glycol (PEG) melt and a fine powder (size < 5(m) of cerium (IV) oxide under low shear rates was studied by Yina and others (23). They have shown that the blend containing as high as 80 wt.% (or 41.6 vol.%) of CeO2 can still exhibit Bingham plastic response in the low shear rate range. Hence, the relative viscosities (ηrel) of the PEG–CeO2 mixtures with various volume fractions of CeO2 could be obtained at different temperatures, and these data were then used to simulate the rheological model developed in this work. This model was created by assuming that there are two primary forces governing the rheological behaviour of the blend, which are the van der Waals attractive forces that exist among CeO2 particles and the chemical adsorption of PEG segments on CeO2 particles, respectively. The simulation turns out that this model matches more precisely the changes of ηrel versus ??? at different temperatures. Furthermore, the occurrence of the two stipulated forces in the PEG–CeO2 blend has also been verified by other experimental evidences, e.g. scanning electron microscopy (SEM), XRD, FTIR, and differential scanning calorimetry (DSC).

Chapter-7

Ecological Considerations about Plastic and Cellulose Recycling

A very important limitation of polymeric plastic materials and most of their composite is ecological in nature. The after-use products of these materials generally do not undergo biodegradation thereby causing waste problems. That is why a great stress is being applied recently in preparing biodegradable polymeric materials. Another way of facing this problem is to reuse these waste plastic products. Nowadays scientists have been carrying out research on the field of reusing the plastic waste in preparation of useful composites.     

For example composites containing recycled plastics and wood fibre offer an interesting combination of properties, as well as lower cost than competitive materials, especially compared to those based on synthetic fibres. By permitting use of moderately contaminated recycled plastics rather than requiring the use of virgin resin, these materials provide an additional market for recycled plastics, thereby helping to reduce waste disposal burdens. Composites can also be fabricated using recycled wood fibre, such as recovered paper fibre, providing an additional market outlet for recovered paper and thus further waste diversion benefits. However Selke et al (16) shows that wood fibre/ polyolefin composites have poor adhesion between the polymer matrix and the fibre. They concluded that use of additives to improve adhesion between the fibres and matrix could significantly improve performance. 

The stiffness and strength of polymeric materials have been known to improve with the addition of lignocellulosic fibres available in abundance in nature as renewable resources. Hence, composite materials containing natural fibres and waste plastics would result in the reduction of solid wastes and the use of cheap, renewable resources. Jayaraman and Bhattachrya (17) have produced composite specimens, consisting of waste plastics obtained from a Kerbside collection (high density polyethylene (HDPE) waste, Janitorial waste, Kerbside waste I and Kerbside waste II) and Pinus radiata wood-fibres (MDF, medium density fibres), through melt blending and injection moulding. The mechanical properties of these composites at room temperature and ambient humidity depend on the amount of wood-fibres, the mechanical properties of the waste plastics used and the presence of a suitable coupling agent. The tensile strengths of MDF/ waste-plastic composites do not generally change with fibre content, while the tensile strengths increase by about 25% compared to those of the corresponding waste plastics. Flexural strengths of MDF/ waste-plastic composites increase with the addition of medium density fibres with the exception of MDF/ Kerbside waste I composites. The tensile and flexural moduli of MDF/waste plastic composites mostly increase with increasing fibre content. 

Instead of wood lumbers, plastic lumbers (made from recycled plastic and sawdust) can be used in outdoor applications because of better strength of the latter against weather. However, the structural properties of the plastic lumber are not well understood. In a research effort conducted by Carrall and others (18), standard 2×6 plastic lumber planks were tested for many different structural properties. The tests were conducted at -23.3°C to simulate winter conditions, and at 40.6°C to simulate summer conditions. The high temperature modulus of the plastic lumber was 5.79, 1.03, and 1.12 GPa in compression, flexure and tension respectively. High temperature strength values were 16.8, 12.0, and 1.45 MPa in compression, flexure and tension respectively. The high temperature shear strength of the plastic lumber was 5.31 MPa. Strength tests were also performed for nail and screw connections typically used with lumber, and the pull-out and lateral load were comparable to wooden lumber. The plastic lumber performed well under sustained load tests at high temperature. Slip resistance tests were performed, and it was found that the plastic lumber is more slippery than wooden lumber, but probably does not represent a safety hazard. The conclusion was that the plastic lumber is a good structural material, but it is not appropriate to simply substitute plastic lumber for wooden lumber pieces of the same dimension in structural applications.

Another example of use of recycled plastics is the composite laminate based on natural flax fibre and recycled high-density polyethylene, prepared by Singleton et al (1). The mechanical properties of the composite were assessed under tensile and impact loading. Changes in the stress–strain characteristics, of yield stress, tensile strength, and tensile (Young's) modulus, of ductility and toughness, all as a function of fibre content were determined experimentally. A significant enhancement of toughness of the composite was observed. Moreover, improvements in strength and stiffness combined with high toughness can be achieved by varying the fibre volume fraction and controlling the bonding between layers of the composite. 

 Chapter-8

Polymer-Composite Investigations at Nano-Level

Nano technology is a fast-improving branch of science and there has been significant research work done on polymer composites at nano-level.

Lee et al (24) prepared a novel biodegradable aliphatic polyester (APES)/ organoclay nanocomposite through melt intercalation method. Two kinds of organoclays, Cloisite 30B and Cloisite 10A with different ammonium cations located in the silicate gallery, were chosen for the nanocomposites preparation. They studied the dispersion of the silicate layers in the APES hybrids (by using X-ray diffraction (XRD) and transmission electron microscopy (TEM)), tensile properties and the biodegradability of the APES/ organoclay nanocomposites. It has been seen that APES/ Cloisite 30B hybrids showed higher degree of intercalation than APES/ Cloisite 10A hybrids. They attributed this to the strong hydrogen bonding interaction between APES and hydroxyl group in the gallery of Cloisite 30B silicate layers. This leads to higher tensile properties and lower biodegradability for APES/ Cloisite 30B hybrids than for the APES/ Cloisite 10A hybrids. 

Polyimide/ layered silicate nanocomposites were prepared by Zhang et al (25) via in situ polymerisation process from PMDA-ODA and organo-MMT in a solution of N,N-dimethylacetamide. XRD, FTIR, UV–Vis analyses showed that at the content of 1 wt% MMT, MMT were well intercalated, exfoliated and dispersed in polyimide matrix. As the MMT content is more than 3 wt%, MMT agglomerates became severe as shown by the transparency and transmittance of the hybrid films. The cryogenic mechanical properties of the films at 77 K were studied and compared with those at room temperature. The cryogenic tensile strength showed the highest value at 1 wt% MMT content; and its strength, modulus and elongation at break were simultaneously increased than the pure PI film. The cryogenic elastic modulus exhibited an increasing trend until the MMT content reached 10 wt%. The cryogenic failure strain of hybrid films with 1–3 wt% MMT contents was greater than 10%, showing good ductility at 77 K. The tensile strength and modulus of the hybrid films at 77 K were generally higher than those at room temperature except at 20 wt% MMT for the strength. 

It was found beforehand that low nanoparticles loaded polymer composites with improved mechanical performance can be prepared by conventional compounding technique in which the nanoparticles are pre-grafted by some polymers using irradiation. To examine the applicability of the approach, a tougher polypropylene (PP) was compounded with nano-silica by industrial-scale twin-screw extruder and injection moulding machine in the work by Wu et al (26). The results of tensile tests indicated that the nanoparticles could simultaneously provide PP with stiffening, strengthening and toughening effects at a rather low filler content (typically 0.5% by volume). The presence of grafting polymers on the nanoparticles improves the tailorability of the composites. Due to the viscoelastic nature of the matrix and the grafting polymers, the tensile performance of the composites filled with untreated and treated nanoparticles is highly dependent on loading rate.

In another experiment, Misraa et al (27) examines the susceptibility to mechanically induced surface damage in neat polybutene and polybutene–clay nanocomposites. The scratch tracks in polybutene are characterized by ‘fish-scale psiloma’ morphology indicative of compressive plastic deformation and quasi-periodic cracking. While in polybutene–clay nanocomposites, ‘ironing’, which is a less severe surface damage mechanism, was dominant. Also, polybutene–clay nanocomposites experience significantly reduced stress whitening, and is characterized by lower grey level in the plastically deformed surface damage region. This behaviour is attributed to the effective reinforcement by clay particles that act in concert increasing the tensile modulus of the composite and restricts plastic deformation of the polymer matrix.

Chapter-9

Theoretical Studies into Mechanical Property Improvements

Now let us preview the theoretical studies about the mechanical-property improvements associated with composite formation. A good deal of research is going on in that respect. Two most recent investigations are given below.

In a study by Liu et al (19), the compressive strength of unidirectional long fibre composites is predicted for plastic micro-buckling from a random two-dimensional distribution of fibre waviness. The effect of the physical size of waviness is addressed by using couple stress theory, with the fibre bending resistance scaling with the fibre diameter. The predicted statistical distribution of compressive strength is found using a Monte Carlo method. An ensemble of fibre waviness profiles is generated from an assumed spectral density of waviness and the compressive strength for each such realisation is calculated directly by the finite element method. The average predicted strength agrees reasonably with practical values, confirming the hypothesis that micro-buckles can be initiated by fibre misalignment. It is found that the probability distribution of strength is well matched by a Weibull fit, and the dependence of the Weibull parameters upon the spectral density of waviness is determined. For the practical range of fibre distributions considered, they concluded that the strength depends mainly upon the root mean square amplitude of fibre misalignment, with the shape of the power spectral density function playing only a minor role. An engineering model for predicting the compressive strength is proposed, akin to weakest link theory for materials containing flaws. A specimen containing randomly distributed waviness is examined to locate regions of high-fibre misalignment. The strength of each of these weak regions is estimated from a look-up table derived from calculations with idealised circular or elliptical patches of waviness. The strength of the composite is given by the failure stress associated with the weakest such patch. For random distributions of waviness, the predictions using this engineering approach are in good agreement with the direct calculations of strength using the finite element method. 

In another study the dynamic compressive strength of unidirectional fibre composites in the form of fibre micro-buckling was investigated and modelled by Tsai1 et al (20). Both strain rate and shear stress effects on the compressive strength were considered in the study. The model was developed from extending Rosen's fibre buckling model in conjunction with a visco-plasticity model to describe the inelastic and rate dependent behaviour of the composite. 

They tested off-axis S2/8552 glass/epoxy composite specimens at various strain rates to provide the experimental data with the presence of shear stresses. For strain rates below 1 s–1, compression tests were conducted on an MTS loading machine, while higher strain rate tests were performed using a split Hopkinson pressure bar (SHPB).

Comparison of model predictions with experimental data showed that the dynamic micro-buckling model was quite accurate in predicting compressive failure of unidirectional composites for strain rates up to 900 s–1. From the model predictions and experimental data, it was found that the presence of shear stress could significantly lower the compressive strength of composites. Comparison of the present micro-buckling model and the kink band model were made. 
Chap                                                              Conclusion

         From the forgoing discussion, we see that the rheological and mechanical properties of plastic polymers such as tensile strength, impact strength, flexural strength, compressive strength, tensile young’s modulus, compressive young’s modulus etc.  can be improved by forming composites. Various substances can be used as filler, such as cellulosic materials, carbon fibres, fly ash including different inorganic substances. It has been seen that all of them more or less have improving effects on the rheological and mechanical properties of polymers.

                The research has been going on not only about macro-level composite formation but also about nano-level composites. In this respect we can use nano particles of fillers or prepare polymer composite of nano dimension.

                  In many cases the aim of formation of polymer composite is environmental.       The discussion enlightens us about numerous research works that have been going on to produce biodegradable polymer composites and also to reuse the original polymers.

                 This discussion also informs us about the voluminous and diverse research works going on in the field of characterisation, modelling and theoretical simulation about improvement of rheological and mechanical properties of polymers by composite formation. Various researchers have put forward different models to explain these improvements.     
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