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CHAPTER-1
      INTRODUCTION

Plastics have enjoyed the phenomenal growth during past two decades. They have replaced the classical materials such as metals, glass, ceramics, wood and natural fibers in wide spectrum from industry and in our daily life styles. Success of various polymers in such a unique spectrum of applications is attributed to a wide range of properties available with polymeric materials [1-2]. Development of polymeric materials during early stages involves the synthesis of new homopolymers and copolymers for tailoring the properties. However the realization of the present scenario is:

· Newer polymers with tailor made desired properties are not synthesized on a routine basis.

· Secondly new molecules are not always required to attain desired properties.

While
· Blending/Alloying can offer the opportunity to develop materials that might even show synergism in properties [3].

For engineering applications, it is generally desirable to develop easily processible polymers that are dimensionally stable, can be used at high temperature and also resist attack by solvent or by the environment. Blending/Alloying offers an easy processing and the method which is cost effective, hence has enormous growth potential for speciality engineering applications [4].

However, polymer blends are nothing but it is a mixture of chemically different polymers and/or copolymers. They are mainly systems with the multiphase structures, while alloys are a class of polyblends in which a large interpenetration of domains is secured by either chemical or physical means. Blends are direct result of the blending action, while alloys are the final blends of well-defined morphology and set of properties. The primary advantages in the use of polymer blends and/or alloys are:

(a) Generation of unique materials with respect to process ability and/or performance.

(b) Extension of the performance of speciality resins.

(c) Better performance at a reduced price.

(d) Reuse of plastic to avoid plastic dump. Polymer blends can be either miscible or immiscible. The miscible blends are further divided into subclasses.
(1) Homogeneous blends:-

These are chemically identical polymers mixture but differed only in molecular mean e.g. blend of HDPE & PE.

(2) Heterogeneous blends:-

The two or more than two chemically different polymers mixture from these blends e.g. poly (2,6-dimethyl-1,4-phenylene oxide) and poly (styrene).

Single glass transition temperature (Tg) is exhibited by miscible polymer blend system. However this Tg is located in between the Tg values of two components. They are generally transparent and can be molded without streaking. The heat distortion temperature HDT of the miscible blends varies smoothly. With composition and thus is easy to predict and control.[5-6].

While in an immiscible polymer blend systems, which forms multi-phase systems, there exists a composition gradient, whose level depends on the intensity of mixing and on solubility parameter values (() of the polymers. Hence a third component is required i.e. compatibilizer or interfacial agent which can reduce the interfacial tension between polymer components in the blend matrix. This will help the components to form certain degree of miscibility and improve the compatibility by mechanical or physical/chemical means. The stabilized morphology [2] is observed only by the involvement of compatibilizer in immiscible blends to miscible one. The Compatibilizers like block, graft or ionomeric copolymers and unsaturated olefinic compounds are generally used in the formation of compatible polymers lead to formation of alloys, where interpretation of domain achieved to great extent. Fig. 1.1 illustrates a broad classification of polymers blends and/or alloys.
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Fig. 1.1
 Interrelation in polymer blend nomenclature

1.1     Polymer blends terminology [7]

· Polymer:- A substance composed of large molecules the macromolecules, built by co-valently joining at least 50 molecular monomers, segments or recurring constitutional repeating units

· Copolymer:- Polymers synthesized from more than one type of monomer.

· Engineering Polymer:- Processable polymeric material, capable of being formed to precise and stable dimensions, exhibiting high performance at the continuous use temp. above 1000C, and having tensile strength in excess of 40 MPa.

· Polymer blend:- Mixture of at least two macromolecular substances, polymers or copolymers. 

· Homogeneous polymer blend:- Mixture of two homogeneous polymers, usually with narrow molecular weight distribution fraction of the same polymer.

· Miscible polymer blend:- Polymer blend, homogeneous down to the molecular level, in which the domain size is comparable to the macromolecular dimension, associated with a negative value of the free energy of mixing.

· Immiscible polymer blend:- Immiscible polymer blends would normally exhibit two Tg values, non- homogeneity at sub-microscopic level and no physical or mechanical integrity. 

· Polymer Alloy:- It is immiscible compatibilized polymer blend with modified interface & morphology.

· Compatibilization:- It is the process of modification of the interfacial properties of an immiscible polymer blend, resulting in formation of the interphase and stabilization of the desired morphology thus leading to the creation of polymer alloy.

· Compatibilizer:- Polymer or copolymer that added to a polymer blend, which modifies its interfacial character and stabilizes the morphology. However now recently multifunctional chemical intermediates are used as a compatibilizer such as Maleic Anhydride, Fumaric and Maleic acid or SMA, PP~g~MA etc.

· Chemical compatibilization:- Compatibilization by addition of a compatibilizer, in most cases either a copolymer or multipolymer or reactive multifunctional moiety.

· Physical Compatibilization:- Compabilization by physical means eg. high stress field, thermal treatment and  irradiation etc.

· Reactive Compatibilization:- Compatibilization during reactive processing, as extrusion or injection molding.

· Engineering polymer blend:- Polymer blend or polymer alloy either containing or having properties of an engineering polymer.

· Interpenetrating polymer Network (IPN):- Polymer alloy, containing two or more polymers in network form, each chemically cross linked. Sequential, simultaneous (SIN) thermoplastic IPN and latex type IPNs are also known.
1.2    Theoretical background of factors affecting the polymer blends    Properties:-

1.2.1
Phase behavior in polymer blends:-
The polymer system shows two a type of basic behavior one is Upper Cut Solution Temperature (UCST) & other one is Lower Cut Solution Temperature (LCST). While UCST means upper critical solution temperature, which signifies that those polymer blends have positive (endothermic heat and entropies of mixing) usually denoted as UCST. However LCST means lower critical temperature, While for LCST are those polymer blend systems which have negative (exothermic heat and entropies and mixing) usually denoted by LCST systems.

Polymer blend shows LCST, UCST or both or with a tendency towards both. The polymer systems generally exhibit phase diagrams that resemble these with some variations and with the exception of the system shown in Fig. 1.2c. This is due to the absence of monodispersive behavior of the blend systems. Polystyrene – Polybutadiene [8]. However mixture of styrene and isoprene oligomer in the absence of solvent [9] Fig. 1.3 exhibits the occurrence of two peaked curves.

While the dilemma between miscibility and compatibility can be resolved by understanding fig. 1.2 (a,b,c,d,e) & 1..3. At all compositions binary blends are completely miscible in between UCST & LCST. Below UCST and above LCST, there are still compositions, generally those in which one of the components is present in small percentages in which only a single phase is observed, while at intermediate compositions phase separation occurs and such mixtures are very important.
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Figure. 1.2c :  A  mixtures with an UCST above LCST temperature
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Figure. 1.2d  : A mixture with a LCST above an UCST  temperature
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Figure. 1.2e : A mixture with a tendency toward greater solubility of 

            Intermediate temperatures

 Figure 1.2  : Phase Diagram for various mixtures as a function of    

                       Temperature
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Figure 1.3 : 
Two-peaked coexistence curve as seen in the case of  PS/PBt-          

                        solvent mixtures and for mixtures of styrene and isoprene      

                        oligomers

In such mixtures the boundary between metastable & unstable compositions, which are, called spinodal. However the boundaries between stable & metastable compositions are called binodal.

All the states of stabilized and unstabilized phase in the polymer blends can be easily understood by block & table position Fig. 1.4 a. As in state A the block is stable because it is subjected to a small finite displacement it returns back to state A as soon as the force producing the displacement is removed. At state B, the block is unstable because it does not returns to state B if it is subjected to an infinitesimal displacement. It would instead proceed to the next more stable state of lower energy. State C is the state of lowest energy and hence, the most stable state. The block is stable to a relatively larger displacement at state C than it is at state A.

State D is metastable as cutting off the corner edge of the block produces it to the dimple (small cut of block edge). That is the region of the maximum of the potential energy. A block at state D can survive finite displacements whose value depends on the height of the surrounding energy barriers; this is unlike state B which is incapable of sustaining an infinitesimal displacements.

As we pass from this simple mechanical analogue to the complex Fig1.4b, homogeneous, two component mixtures, we consider the free energy – composition diagram in order to illustrate the stability of the system [10, 25].
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Figure 1.4 (a, b):  Block –Table arrangement & correlation to Stable, Metastable 
                             & unstable condition of polymer blend or Mixtures

However Fig. 1.2a the unstable & metastable compositions will separate at temperature T1, composition A, B and C will separate into compositions X & Y. The mixture forms a single phase whenever its composition is outside the range X-Y. Tc & Xc are critical temperature and composition, respectively. For a binary system, a critical point indicates the circumstances under which the system will just begin to separate into two phases, which can be called as limit of compatibility. If two polymers are incompatible in the molten phase then it is not possible to produce a homogeneous blend by melt mixing technique. However, it is possible to produce a solution blend at a temperature below LCST. In such cases where the LCST curves lie at a temperature below the melting point, it is important to ensure that the blend is not used in the application, where the material would be exposed to temperature above the LCST curves [11] .

1.2.2
Thermodynamics of blending:-

Flory-Huggins free energy of mixing is the starting point for the discussion of thermodynamics of polymer blends/mixture. Thermodynamical compatibility of the blend components can be expressed as

( Gmix  = ( Hmix - T(Smix



-------------
(1.1)
where

( Gmix = Free energy of mixing

( Hmix = Enthalpy of mixing

(Smix
= Entropy of mixing

     T
= Temperature

Thermodynamically the mixing process will only be favour if ( Gmix is negative.

Enthalpy of mixing (( Hmix) is positive means there is little attraction between two different polymeric molecules and it is an unfavorable condition for compatibility between two phases. Secondly the movements of atoms of polymeric chains are restricted in polymeric mixture, and this makes mixture is less random. This low random states of polymeric chains resulting into lower value of entropy of mixing   ((Smix). As a result the value of -(S will be insufficient to overcome the positive enthalpy of mixing (( Hmix), which results in the positive value of (Gmix . As a result the two polymers become incompatible with each other.

Several quantitative theories have been proposed to estimate (Gmix, (Hmix  & (Smix for polymeric mixture[12-14]. However, there is no sufficient experimental data to verify which of these theories are adequate [3, 25]. Flory-Huggins-Staverman (FHS) theory of thermodynamics of polymer mixture, which is based on lattice model [15] and statistical thermodynamics [16], has been observed to the more suitable in describing many of the qualitative features of polymer blend thermodynamics. The FHS expression for the free energy of mixing of two polymers is:
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------- (1.2)

           V
=
total volume of sample

R
=
the gas constant.

T
=
The absolute temperature

Ni
=
The degree of polymerization of ith components.

(i
=
The volume fraction of ith component.

Vi
=
The molar volume of ith mers.

v
=
an arbitrary volume.

The FHS equation have first two terms that represents the combinatorial entropy of mixing and the last term comes from the interaction enthalpy “X” called as Flory interaction parameter.

High degree of polymerization (Dp > 1000) leads to low entropy of mixing. The of combinatorial entropy of mixing can be thought of as a direct result of the high configurational entropy that is characteristics of polymer chains [17]. The entropy of mixing is independent of volume or weight fraction but it depends on the role fraction of chains. And hence the first two terms in Equation-2 are divided by the degree of polymerization (Dp) of the two components. The interaction between the two polymers is quite similar on those between their small molecules. The entropy of mixing will not depend on any significant amount of the molecular weight of components because the forces of interaction are quite local and extending only over a range of the order of a repeating unit. But for most mixtures the enthalpy of mixing is positive. However the entropy of mixing of small molecules can be so large that it overcomes completely the positive mixing enthalpy and so cause the components to mix under a wide range of temperature and composition. As according to discussion entropy and enthalpy not showed an essential region of miscibility during mixing of two polymeric components. FHS – theory it is needed to determine the condition of miscibility of two polymeric components during blending. The three general classes of miscible blends on the manner in which miscibility is achieved as below:
(1) Those blends have negative value of X and so the enthalpy. This is due to the presence of strong attractive interactions between the blend components, such as acid base interactions [18], hydrogen-bonding [19], between donating and accepting groups, ionomeric interactions [20, 21] which can also induce the mixing of polymers.

(2) Low molecular weight component consisting polymer blends have enough large entropy of mixing, which makes blends unable to balance the enthalpy of mixing. From FHS theory one can derive the following expression for critical composition and temperature of the blends.
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Both parameters are similar means blend is symmetric i.e. N1=N2 = N and V1 = V2 = V. In that case (1crit  = 0.5 and (XN)crit = 2. In most cases the components of a polymer blend are not very different from one another in molecular wt. & density. Therefore these general relations for the symmetrical blends are good rules of thumbs for blend.

(i) If X (Flory interaction parameter) is large for a particular blend, if N is small enough the blend can be miscible.

(ii) If molecular weight is very low then many of properties will be lost.

So the use of low molecular weight polymer is not a good way to prepare the miscible blend systems. This case seems that there is very weak Vander Waals force then this might worthwhile [22].

(3) The negative value of X of those blends systems which have special attractive interaction between the components. (i.e. intra or inter molecular) but both or one of them components are statistical copolymers [23] and the balance of forces among the several monomers units results in miscibility. This termed as "copolymer effect".

Deficiencies in FHS theory:

(1) It can't able to describe the significant degree of miscibility

(2) It can't describe the behavior of blend with an LCST phase diagram.

(3) The X is independent of molecular weight and composition, but recent studies have been reported about the clear dependence of X, even in blends when only dispersive forces operating and in blends of polymer with its isotropic twin.

1.2.3 Control of Phase structure in Polymer Blends:

The polymer blends are further divided into two major subclasses based on their thermodynamic phase behavior. Homogeneous property exhibited by the miscible blends and it is shown as a result of polymer segmental level homogeneity and a major factor is energetic segmental interactions of polymer component in the blend systems. Polymer science during its early stages considered that miscibility among polymer-polymer pairs was a rare exception [24] However, research over the last decade has proved this rule to be somewhat overstated [25, 26]. It is generally agreed that the thermodynamic basis for miscibility in polymer blends is an exothermic heat of mixing [26-29] since contributions are so small in such systems.

While for the immiscible blends, on the other hand, have phase domain that consists, in the limiting case of the corresponding pure components. Major variables affecting properties in these cases are the phase morphology and the degree of adhesion between phases. The phase morphology has been improved by the use of compatibilizer and this method is termed as compatibilization.

However an attractive and more useful tool to produce the miscible blend from immiscible blend system is reactive processing [30-32]. In this consist of interfacially active species at the interface itself during processing by chemical reactions of functionalized polymer components, which are precisely tailored & added in the amount needed for smooth morphology. In principle, an attractive physical alternative is polymer blending, which has new method for developing new products. However in practice this approach successfully requires careful control of phase structure as seen in Fig. 1.5 since this affects the properties that can be achieved. Through appropriate compatibilization methodology one can manipulate miscibility, phase morphology and interfacial adhesion to achieve highly engineered blend materials having desired properties on account of synergism.

[image: image84.wmf]Fig. 1.5 Schematic representation of concentration profiles in a polymer-                1/polymer-2

[image: image85.jpg]Polymers

Copolymers

Polymer Blends

Miscible

Homogeneous | Hetero- geneous

Immiscible
{Compatible)

Polymer Alloys




a)
a sharp interface (polymer-1 (                      );polymer-2   (  -------------- )

b)
an interface modified with low molecular weight copolymer  (-.-.-.-.-.-.-.-.-.)

c)
an interface modified with high molecular weight copolymer  (-.-.-.-.-.-.-.-.-.)

[image: image86.jpg]FACT ORS CONTRIBUTING TO END-USE

PROPERTIES IN MELT COMPOUNDED BLENDS

i

l

~\

Process
Rheclogy Interfar ial
(Type, rate,
of Tension
Tenperature) Conporents inmelt
Compatibilizer
Stablization

4

i

Comporent Plase
Mechanical Morphology
Properties
Mecklan':a.l
Properties
or Blend

Intexfacial
Adbesion




Figure 1.6
Reaction Configuration at sharp & diffuse interfaces

So the compatibilizer in Fig. 1.6 can significantly reduce the size of domains in the blend and make the smooth morphology less sensitive to processing. The interfacial tension reduced and the adhesions will improved with the application of compatibilizer in an immiscible polymer blend systems.

1.3 Techniques of Blending

The objective of mixing is to bring the components in close proximity. This is aided by solvent, heat and shearing force. The limit of mixing is governed by concentration equilibria interfacial energy. The fineness of polymer-polymer dispersion depends not only on the mechanical input during mixing but also on the interfacial forces and rheology of the components. The polymer blends/alloys can be prepared by different techniques [33].

(i) 
Melt blending 

 (ii) 
Solution blending

(iii)
 Latex blending

(iv) 
Interpenetrating network

Which are describes as below:

1.3.1
           Melt blending: 
                          When two polymers are mixed in their molten state it is known as melt blending. This process is simple, introduce no impurities and provide practical approach to blending. The melt flow and the mixing are provided by the chosen experiment and can be controlled by varying the processing conditions. The factors like temperature, shear rate and time of mixing are critical and should be selected to minimize degradation and also the cross-linking of materials, which could alter the properties of blends. In case of blending of a thermoplastic with other thermoplastic, melt mixing is done under high shearing action in an internal mixer. There could be problem of incomplete mixing in these techniques if the time and conditions of mixing are not proper various devices employed for this purpose are as follows.

1.3.1.1     Roll Mill:
                       It consists of electrically heated rolls whose distance and    temperature can be adjusted and the guides are provided to keep the melt from flowing off the ends of the rolls. The mixing operation can be controlled by varying the roll gap, roll temperature, amount of material on the rolls, order of mixing and the amount of added components and also sometimes by varying the speed of the rolls and speed differentials.

1.3.1.2   Banbury Mixer: 
                    It has two counter rotating rotors which are designed  to more the blend axially  on them. The rotors are enclosed, unlike the roll mill to provide more area of high shear. Mixing in a Banbury can be quite rapid and efficient but it is necessary to have an exact volume of the melt.

1.3.1.3    Barbender Mixer:
                   In design it is quite close to the Banbury mixer with the inclusion of a ram.

1.3.1.4 Extruder: 
           In this the melt is sheared through a screw inside a barrel.   The shearing force and mixing efficiency depends on the screw speed and temperature and viscosity of the components and the screw design. Proper mixing is favored by using more backpressure and longer L/D ratio in the extruder.

1.3.2         Solution Blending:
        In solution blending technique the polymer components can be dissolved separately but in the same solvent and the two solutions are mixed and brought to equilibrium. This process minimizes the problem of incomplete mixing and degradation by heat and shear. The isolation of blend requires removal of solvent by evaporation. Moreover the consumption of solvent is so high that the technique becomes commercially non-viable and at same time it is highly toxic also. However evaporation causes larger phase size.

1.3.3 Latex Blending:-
 The blending of polymers in aqueous emulsion is known as latex blending. It has the advantage that two latexes can mix immediately with no problem of heat, shear or solvents. However the availability of both the polymers in the form of latex.

1.3.4 Interpenetrating Networks:- 
           These polyblends are produced by stepwise reaction in such a way that the two polymer structures are thoroughly and permanently interwoven in a controlled structure arrangement. One polymer is first synthesized and cross-linked. Then the second monomer or pre polymer is swollen uniformly into the cross-linked network to form a gel. Finally this second prepolymer is polymerized and cross linked in places producing a second network completely interwoven with the first such polymer blend structure offer new properties and applications. Due the strong pressure for environmental protection as well as ever-increasing plastic waste accumulation has initiated numerous investigations of blending as a solution to the plastics scraps reclamation problem. 
1.4 Reactive Extrusion

· This method seems to be an attractive one, which may merit to development for the compatibilized blend systems in the near future.

·  Reactive extrusion differs from other compatibilization routes as in this case the blend components themselves are either chosen or modified, so that they react during processing in the extruder.

· So the reaction occurs between their functional groups of the chosen polymers for blend systems, and hence they get compatibilized during melt condition. 

· Comparative new method of producing compatible thermoplastic blends via reactive blending.

· The specially designed extruder screw used for the reactive extrusion purpose, as these consist of pins or various different geometric shapes located in-between the screw flights. Which helps the dispersed molten polymer blend component spread uniformly in the blend continuous matrix to increase the probability of reaction interface of the polymer blends components and form the smooth morphology.
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Figure 1.7: Internal sketch of special mixing screw in a Reactive Extrusion 
1.5 Fundamentals of Polymer Blends Compatibilization:

1.5.1 Definition of Compatibilization:

Fabrication or the properties of the two polymers in the blend systems [5, 34] are relatively easy as compared to newly synthesized molecules or polymer.

Compatibility is frequently defined as miscibility on a molecular scale. Undoubtedly it has merit of clarity for those polymer blends showing the true thermodynamic miscibility but not able to explain the other class of compatible blends. And hence it excluded a wide number of blends both academically studied and commercialized, which many workers would consider compatible.

The compatibilized polymer blends consist of very fine phase morphology but not exhibit the gross systems of phase separation that are considered to be compatible blends but still it excluded some polymer blends, which have been modified to facilitate the generation of  a preferred polymer blends but it not consist of fine morphology and hence preferred for its physical properties.

The above facts help to form the simple and precise definition of ‘Compatibilization’ as any chemical or physical action which will give the stabilization of the polymer blend morphology [5].

1.5.2 Mechanisms of Compatibilization

In most cases, melt mixing of two immiscible polymers lead to weak and brittle polymer blend. As this happens because of the incorporation of a dispersed phase matrix leads to the presence of stress concentrations and weak interfaces, arising due to poor mechanical coupling between phases. Compatibilization mainly concern about the addition of third component in the immiscible polymer blend systems to make it miscible polymer blends by the modification of the polymer interfaces in the two phase blend and thereby tailoring the phase structure and hence properties.


The Fig-1.7 illustrate the factors contributing [35] to the manufacture of a polymer blends for there end-use properties by melt compounding and subsequent processing to produce a finish product.

The mechanical properties of a blend or alloy will be determined not only by the properties of its components, but also by the phase morphology and the interphase adhesion For the end-use application of blends it is necessary to consider above both viewpoint to understand the importance of stress transfer in blend systems. The phase morphology is sensitive to the processing history, so to understand the phase morphology we have to determine the processing history during blend preparation. While the process such as (mixer type, temperature history & rate of mixing), so the rheology of the blend components and the interfacial tension between phases in the melt are important. As quenching below the glass transition temperature phase morphology become stabilize against the de-mixing; and phase morphology or occurrence of crystalline in one or both phases or occasionally by crosslinking make polymer blends unlikely to be in thermodynamic equilibrium.
Compatibilization is a complex method and it directly affects the final blend  properties. The three main effects are:

1.) Stabilization of the dispersed phase against growth annealing through the modification of the phase-boundary interface.

2.) Reduction in the interfacial tension in the melt and form the extremely fine dispersion morphology via emulsification processes and

3) Increase in the adhesion at phase boundary, giving improved stress transfer 

property of the blend systems

.
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Fig. 1.8: Factors influencing the end-use properties of melt compounded Blends
1.5.3 Methods of Compatibilization

The compatibility of polymeric blends may be enhanced by various methods. Co-crosslinking and co-crystallization can often result in suitable phase morphology that resistant to coalescence. Strong interactions such as acid-base, ion-dipole, Hydrogen bonding and transition metal complexes have also been shown to enhance thermodynamic miscibility

Compatibilization methods in table 1.1 can be broadly classify into two categories:

a) Non- Reactive Compatibilization

b) Reactive Compatibilization

a) Non Reactive Compatibilization method in which non reactive simple block or graft copolymer with segments capable of specific interactions in the blend components. The copolymer compatibilizer often contains segments that are chemically similar to those in the blend components. These block or graft polymer added separately or add peroxide moiety in situ.

The Non-Reactive Compatibilizer Classification as follows:

ii) A-co-B type in which A and B are same polymer segments as their of parent polymer component in the blend systems.And hence A segment miscible with A polymer component similarly B also miscible with B polymer component in the blend systems and form the fine stabilized morphology.

Example: 
PS/PE(PS~g~PE)36-38, PS/PB(PS~b~PB)39-41 , PC/PMMA (PC~g~PMMA)42-43,  PA-6/PEG(PA-6~g~PEG)44
ii)     A-co-C type in which A copolymer segment from same parent polymer component while C is miscible with B parent polymer component in the blend systems and  form the fine stabilized morphology. 
Example.  PS~g~PCL copolymer in PS/PVC45,46, PS/PET 47 PS/PC 48, PPE/PBT(PS~b~PBT)49

iii) C-co-D type  in which both C & D copolymer segments are miscible in A & B polymer components in the blend systems respectively and form the fine stabilized morphology,

Example: PPE/PET(PS~b~PC)50, PPE/Phenoxy (PS~b~PMMA)51, 

iv) C type in which C is miscible with both A& B polymer component in the blend systems and form the fine stabilized morphology

Examples: PCL as C type compatibilizer for the (PC/Phenoxy)52, (PC/SAN)53, (PC/PA-6)54

b) Reactive Compatibilization Method is a comparative new method of producing compatible blends is by reactive blending. The graft or block copolymer compatibilizer can be formed in situ through covalent or ionic bonding of suitably functionalized polymers during the melt blending. In this kind of compatibilization, one polymer phase generally contains reactive groups in the chain, whereas the other has no inherent functionality. The reactive groups can be incorporated into the second phase by adding to it a functionalized polymer that is miscible with it .In some cases, both phases may have to be functionalized. This method is different from other compatibilizing route where the blend components are either chosen or modified so that reaction can occur during melts blending, with no addition of a separate compatibilizer. The in-situ formed copolymer compatibilizer has segments that are chemically identical to those in the respective unreactive homopolymers and are thought to be located preferentially at the interface. 

(a) Reactive Compatibilization can be achieved by following ways:

(b) Mechanical scission and recombination of component polymers to form graft or block copolymers, which is generally induced by high shear during processing.

(c) In –situ formation of graft or block copolymer by chemical reactions between reactive groups on polymer component, or by addition of a free radical iniator during blending Fig 1.8

(d) Formation of a block copolymer by an interchange reaction in the backbone of the components, which is most likely in condensation polymers.

(e) Promotion of the reaction by catalysts.
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Fig 1.9. Schematic diagram shows the formation of C-X-B grafted copolymers at  interface for the ternary A/A-X/B blend

In-situ reactive compatibilization has already been implemented number of commercial products and in many instances appears to be effective method of compatibilization and toughening for polymer blends. 

Table-1.1:
 Classification of Compatibilizers

	Non-Reactive Compatibilizer
	Reactive Compatibilizer

	A-co-B
	A-X

	A-co-C
	C-X

	C-co-D
	A-B

	C
	Ionomer


The Reactive Compatibilizer Classification as follows:

i) A-X type compatibilizer consist of the A segment from any one component of the polymer blend system or say chemically similar to the polymer blend component, while the X is the reactive moiety or Functional group that react chemically with the other polymer component in the blend system.

Example: ABS/Phenoxy(SAG)55, SMA/PE(EP-amine)56, PA/PE  (PP~g~MAH, PE~g~MAH, SEBS~g~MAH)57-62

ii) C-X type compatibilizer consists of C segment, which is miscible with any one of the polymer components in the blend system. However C is chemically different from both components in the blend systems. While X is the reactive moiety or Functional groups that reacts chemically with the other polymer component in the blend system.

Example: SMA/PPE(Amine-PS)63, PA/AES(SMA)64,  

          PA/ABS,PA/SAN (SMA65-69, SAG70, IA71-73, ABS~g~MAH74)

iii) A-B type Compatibilizer which has both segments similar to the parent polymer blend components present in the systems.

Example: PET/PAR (PET~co~PAr)75 , PC/PET(PC~co~PET)76-82

iv) Ionomer type: It is highly reactive charged mer that used to from the compatible polymer blends.

Example: PC/PE(Ionomer)83, PBT/PE, PET/PE(Ionomer)84-86
1.6 General Applications of Polymer Blends in Industrial Sectors

Engineering thermoplastic blends has found wide range of applications in almost every field. The general applications of Polymer Blends in different market sector are given in Table 1.2 

Table 1.2: General Applications of Polymer Blends in Industrial Sectors.

	        General Applications of Polymer Blends In Various Sectors

	Sector’s
	Typical applications

	Automotive Industry
	Bumpers, bumper covers, windows, gasket, bellows,  steering wheel covers, wheel arch liner, side strips, spoilers, mudguards, battery cases, tool boxes, air intake noise suppressors etc.

	Domestic Appliances
	Hot Dishwasher parts such as top frame, basement, tubs, extruded gaskets, water duct, door handles, water softener compartment, washing machine parts such as detergent dispenser, door frames, inlet and outlet pipes, bellows, etc.

Cooler body, Microwave oven cabinet, irons and coffee maker body parts.

	Household Goods
	Buckets, toys, bottle caps, bottles, food processor housing, video cassettes, luggage, beverage dispenser pumps etc.

	Pipes & Fittings
	Tower packing for distillation columns, domestic waste water pipes, pressure pipes, heat exchangers, corrugated pipes, small diameter tubing, e.g., and drinking straws.

	Furniture
	Stackable chairs, garden chairs and tables

	Medical
	Disposable syringes, tubes & blow molded bottles, tubing for peristaltic pumps, stoppers for blood collection vials, tubing for kidney dialysis

	Packaging
	Ice-cream tubs, films, thin walled packaging contact lens cases, first aid cases etc
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CHAPTER-2

2.1
The Literature Review of Poly (2,6 dimethyl 1-4 Phenylene   Oxide)

Acosta et al [87] have reported about the sulfonation of poly (2,6-dimethyl-1, 4-phenylene oxide) (PPO). Sulfonated PPO is of interest in forthcoming research on electrical and mechanical features of the composites used for fuel cells. The sulfonated PPO & its blends were characterized by XPS, DSC & complex impedance spectroscopy. Membranes were manufactured with excellent ionic conductance at room temperature.
Adachi et al [88] have reported the dielectric, mechanical & thermal properties of poly (2,6-dichloro-1, 4-phenylene oxide) (PDCPO), poly (2-chloro-6-methyl-1, 4-phenylene oxide) (PCMPO) & poly (2,6-dimethyl (1,4-phenylene oxide) (PDMPO). PDCPO shows two dielectric secondary relaxations’s designated by ( & ( processes around 160 & 100 K respectively. Tg's for PDCPO, PCMPO& PDMPO were 490, 445 & 500 K respectively as measured by DSC.
Agari et al [89] have reported that a miscible PS/PPO blend was prepared and its miscibility was confirmed by d.s.c. It was found that the miscibility of polymer blends could be evaluated by the measurement of their thermal diffusivity. The conductivity in the liquid state was smaller than that estimated from a linear-relation with the PPO content,but in the solid state,the conductivity was larger than the estimated value.
Altsta¨dtf et al [90] have studied the Polystyrene-b-polybutadiene-b-poly(methyl methacrylate)triblock terpolymers (SBM) with equal (symmetric) and different (asymmetric)block lengths were used to compatibilize polymer blends based on poly(2,6-dimethyl-1,4-phenylene ether) (PPE) and poly(styrene-coacrylonitrile)(SAN). First, the rheological behavior of the individual components and their binary mixtures was investigated. Based on the results, samples of PPE, SAN and SBM in weight ratios of 32/48/20 were melt blended and the morphology development during melt processing was investigated.
Antonov et al [91] have synthesized inherently flame-retarded polymers, chem & Physical modification of polymers & application of flame retardant were discussed. Emphasis on poly (etherimide), LDPE chemical modifications with brominated polystyrene & their characteristics and performance.
Asthana et al [92] have reported about the synthesis, characterization & testing of novel star-blocks comprising of poly(styrene-b-isobutylene) arms emanating form a poly (divinyl-benzene) core and the blending of these star-block with poly (2,6 dimethyl 1,4 phenylene oxide)

Aycock et al [93] have described about the Poly(phenylene oxide) resins having increased –OH content were obtained by polymerizing monohydroxy aromatic compounds (where all the monomer is added at the starting of polymerization) in the presence of source of oxidation and reacting the resulting PPO with byproduct biphenols under nitrogen without altering the mol. Wt. of the polymer. Mesityl glycidol chlorocyanurate derivatives of above resins gave polyester blends with improved impact properties.
Babinec et al [94] have synthesized and characterized the novel co-ordination polymer poly(m-2-dioxodicopper-1,4-diaminoanthraquinone) by bubbling air or oxygen through a solution of CuCl2 & L in pyridine or DMF or DMSO. FTIR, ESR, ESCA, XRD, DSC, Electrical Conductance measurements & cyclic voltametry did the characterization. At –77 to 25oC (Cu2O2L)n is a semiconductor the majority of charge carrier are holes. (Cu2O2L)n used as a catalyst in the formation of poly(2,6-dimethyl-1,4-phenylene oxide) and in the electrochemically oxychlorination of C2H4 to give ClCH2CH2Cl.
Baysal et al [95-96] have investigated the poly (2,6-dimethyl-1,4-phenylene oxide) (PPO), brominated polystyrene, and polystyrene was investigated using a differential scanning calorimeter,SEM and mechanical properties. The addition of PPO up to 33 wt% compatibilized the polystyrene and brominated polystyrene blends by improving the morphology of the system. However the viscosity behavior of blends of poly(2,6-dimethyl-1,4-phenylene oxide) (PPO), brominatedpolystyrene (PBrS) has been studied. The miscibility of this polymer system was investigated on the basis of the sign of the criteria Db, a, DK, l, and D[g] determined by viscosity.These investigations indicate that PPO/PBrS is miscible at the compositions of (75/25), (85/15) and completely immiscible at the compositions of (25/75), (50/50) in chloroform at 20 _C. Results from viscometry match very well those of DSC results cited in the literature. 
Benabdelghani et al [97] have investigated the miscibility of PPO with polystyrene-co-acrylic acid or SMA containing respectively upto 22 mol % of acrylic or methacrylic acid was studied by DSC & Viscometry. PPO upto 60% with Styrene Acrylic Acid (SAA) and SMA gives single Tg but on above 60% PPO gives two Tg in the blend system. The higher Tg was slightly lower than the one of pure PPO, While the lower one corresponded to miscible blend of lower content of PPO. A DSC study showed that depending on the blend ratio or three Tg’s were observed. 
Benedetti et al [98] have reported about the intermolecular interactions and phase sepn. in poly (2,6-dimethyl-1, 4-phenylene oxide)/polystyrene (PPO/PS) blends have been studied by FTIR spectroscopy. The influence of temp. changes on the absorption band of FTIR in range of 250 to – 1800 C .

Birkinshaw et al [99-100] have investigated the blends of syndiotactic polystyrene (sPS) of three  different Mn and polyphenylene ether (PPE) have been prepared by co-precipitation from solution, followed by compression moulding and investigated by DSC,TGA,FTIR. While the blends of syndiotactic polystyrene (SPS) with polyphenylene ether (PPE) have been prepared to determine the effect of blending on the crystallisation mechanism of SPS. The miscibility of the blend was conÆrmed by both differential scanning calorimetry and dynamic mechanical thermal analysis.
Bleha et al [101-102] have studied the membranes based on poly (N-(3-Dimethylaminophenyl maleimide) – poly (2,6-dimethyl-1,4-phenylene oxide) blends  for gas separation membranes prepared, which shows good permeability, mechanically resistant and thermally stable with high selectivity in the separation of oxygen and Nitrogen. However membranes based on poly (styrene-N-phenyl) maleimide) / Poly (2,6-dimethyl-1,4-phenylene oxide) blends were prepared in chloroform, 20^% PPO shows homogenity but 40 wt. & above show phase separation. Transpot property & permeability of oxygen, nitrogen & CO2. 
Boccuzzi et al [103] have reported about the Cu/SiO2 and Cu/SiO2-TiO2 catalysts, prepared by the chemisorption hydrolysis method, have been tested in the oxidative coupling polymerization of 2,6-dimethyl phenol. All of them proved to be active after reduction of the copper oxide initially present giving 75% polymer & < 4% diphenylquinone. And HRTEM & FTIR used to characterized the polymer PPO.
Boiko et al [104-105] have investigated the amorphous self-adhesion of polymer of PS, PPO interface & their miscible blends brought into overlap contact below the Tg temp for 10 min or 24 hr. in order to investigate adhesive property shearing strength.. The strength estimated by comparing the  symmetrical PS-PS & PPO-PPO interfaces and at the asymmetric PS-PPO interface. By controlling diffusion of PS makes intense interfacial mixing method increase the strength developed upto 50%.
Boscoletto: [106]: have Reported about the chemical  reactions occurring during the inlumescent process taking place in the combustion of the poly (2,6-dimethyl-1, 4-phenylene ether) high–impact–polystyrene blends (PPE-HIPS) are studied. The chemical characterization of the burnt & original material by IR, pyrolysis-probe spectrometry. Moreover it is found that TPP favors the PPE rearrangements and henceforth increase the char yield of the burning blend which is a typical condensed phase fire-retardant actions.
Bright et al [107] have described about the effect of Resorcinol-bis (di-Ph-phosphate) (RDP) on modified poly(phenylene oxide) PPO/HIPS blend, polycarbonate [PC], HIPS resin & PC/ABS blends were studied using TGA methods. Current & potential end uses in thermoplastic resins and polyurethane’s are discussed.

Brown et al [108] have studied poly (arylene ether)/ polyetherimide blends have improved impact strength as well as other improved mechanical and physical properties. Thus a blend of Ultem 1010, fumaric acid (2%)- functionalized polyphenylene oxide and 2% bondfast-E  was molded into test parts having tensile break strength 10,900 psi, elongation 3.6%.
Bucknall et al [109] have reported that the effect of matrix ductility upon mechanisms of rubber toughening have studied in a set of materials having identical rubber contents but differing in matrix composition. Solution blends were made of 50%. HIPS with PS & PPO in varying proportions. A toughening theory is proposed for these blends. Creep mechanism was studied for PPO/HIPS blends.
Cepak et al [110] have reported about the preparation of Gold-poly (phenylene oxide) polypyrrole, TiO2-gold & ZnO–gold composite microstructures were prepared. These were preparing by concentric–tubular composite microstructures. These composite structures consist of an outer tubule composed  of one material encapsulating concentric inner tubules composed of other materials.
Chambers et al [111] have worked on new technology has been developed which allows stable blends of PPO & Nylon 66 to be prepared. From this technology several grades of Noryl GTX have been developed, which combine some best of PPO & of PA6,6 to the blend systems. Application finds suitable for good mouldability articles, impact resistance, paint adhesion and chemical resistance.
Chander et al [112] have described the samples of PP, containing 1 or 5% (wt/wt) phosphorylated PPO (PPOP) were prepared. PP contained PPOP was found to show better retention of mechanical properties after irradiation with UV light. And the effect of thermal aging at 1250 C on mechanical properties of PP & PPOP was also studied.
Chandra et al [113] have reported about the photo-oxidative degradation of blends of PETP and poly(phenylene oxide) (PPO) was studied considering the mutual influence of both components. A short time of UV – illumination of about 365 nm the process is diffusion controlled and can be explained with the help of Waite's theory. Segmental interaction lead to affect the diffusion coefficients and activation energy values. 
Chang et al [114-117] have reported about a reactive copolymer, styrene-glycidyl methacrylate was used as an in-situ compatibiliser for the polymer blends of PBTP and PPO.The processibility, impact strength, tensile properties, HDT and phase stability improved in incompatible blends of PBTB/PPO.While the Polymer blends of polyamide-6 (PA-6) and polyphenylene oxide (PPO) compatibilized by styrene Maleic Anhydride (SMA, MA= 8%) copolymer to give finer morphology for these blend of PA-6 / PPO.However a commercially available multi-functional epoxy monomer, PNE resin act as a reactive compatibiliser(acting as a coupler) for the blends of  blends of PA-6 and PPE  as mechanical property improvements seen via desired polyamide-6-co-PPE mixed copolymers at the interface. The morphology & molecular dynamics of the PA-6/PPO blends changed with application of 8% content SMA in the blend matrix.
Chang Dae et al [118] have investigated that criteria for rheological compatibility of polymer blends, Several compatible and incompatible blends were considered, including blends of two different grades of LDPE, PMMA/PVDF, nylo-6/ EVA, nylon-6/ethylene – based multifunctional polymer, poly (2,6-dimethyl-1, 4-phenylene oxide) with PS and poly styrene-co-acrylonitrile) with poly styrene–co-maleic anhydride). 
Chang Hee et al [119] have reported about the effect of various processing conditions in–situ reaction extrusion on the impact strength and morphology of ABS – poly (2,6-dimethyl-1, 4-phenylene oxide) (PPO) blends compatibilized with styrene–acrylonitrile (SAN) modified with glycidyl methacrylate (GMA) terpolymer. Processing conditions studied were simple mixing of ABS/PPO, simultaneous mixing of ABS/PPO, the reactive compatibilizer SAN-GMA & the modified Maleic Anhydride (MA), and the stepwise mixing of mixtures of MA modified PPO and the mixture of ABS and SAN-GMA..
Chang Sun et al [120] have reported about the preparation and characterization of poly (2,6-dimethyl-1, 4-phenylene oxide) and Nylon-6 graft copolymer (i) Anionic graft copolymerization of –caprolactum on poly (2,6-dimethyl-1,4-phenylene oxide) macroinitiator containing carbonylcaprolactam groups. The materials were characterized by PMR, carbon-13 NMR & IR  spectroscopy while Tg by DSC.
Chao et al [121-122] have investigated the Poly (phenylene ether) PPE resin (a homopolymer made from 2,6-xylenol with viscosity 0.46) was reacted with Ph acrylate . P-substituted Ph acrylate and di-Ph fumarate in an extruder or in solution .The grafting onto PPE backbone was determined. by FTIR or NMR methods. The grafted PPE resins were used to promote the anionic polymerization. of e-caprolactam, and the quantity and the composition of the PPE – nylon-6 copolymer isolated were correlated with the no. of promoter groups attached to the PPE resin. A block copolymer of poly(phenylene oxide) and nylon 6 (I) was prepared through modification of the OH- end group of the poly (phenylene ether) (II) with cyanuric chloride or 4,4'-difluorobenzophenone and subsequent anionic polym. of e-caprolactum (III), using the modified (II) as the promoter. The pure copolymer was isolated by selective solvent extraction using CHCl3 to remove (II) homopolymer & unreacted/(III) and formic acid to remove (I) homopolymer. The copolymer had 2 m.p.s. indicative of the I & II segments. Its composition was determined by C-13 NMR & elemental analysis.

Chehimi et al [123] have reported about the new application of photo-electron X-ray spectroscopy in the characterization of acid-base properties of solids. This application of novel approach to untreated homopolymers and plasma treated polypropylene surfaces in relation with their adhesion aspects is emphasized poly (2,6-dimethylphenylene oxide), is used as an exemplary materials.
Choe et al [124] have investigates the blend of partially brominated poly (2,6-dimethyl 1,4 phenylene oxide) and PS in the primary (glass to rubber) transition region. The three diluents namely DOP, Dubutyl phthalate and dioctyl sebacate used in study. However at higher brominated PPO concentrations the anticipated diluent concentration dependence was not always observed.
Choi et al [125-126] have stated that the reactive extrusion used to investigate the fracture mechanism and morphology controls of syndiotactic elastomeric toughened  polystyrene / poly (2,6-dimethyl-1, 4-phenylene oxide) PPO blends.Reactive Polystyrene (10 phr Oxazoline) & functionalized SEBS (0.4 phr. Maleic anhydride) then followed the SPS mixing with PPO.investigated by using DMA (tan ( value, storage modulus), Impact strength. The SPS/PPO blend was investigated by DSC. Investigation by polarizing optical Microscopy and SAXS revealed that the rejected impurity (PPO in blend and non-crystallizable chains with low mol. wt. in pure sPS) during sPS crystallization resides between the primary lamellae of sPS & thus the recrystallization strongly suppressed for the pure SPS crystallized. at Tc – 2200 C & blend crystal at Tc – 240 0C. 
Chu et al [127] have studied the effect of the styrene-maleic anhydride copolymer (SMA) compatibilizer (8% MA) on the change of morphology & molecular dynamics of polyamide-6 (PA-6) and poly (2,6-dimethyl-1,4-phenylene oxide) (PPO) blends were investigated by means  of Solid State NMR techniques with increasing amount of SMA  the domains corresponding to PA-6 & PPO were reduced and the segmental mobility of polymer increased. The NMR relaxation provides a molecular level understanding of the modification molecular dynamics by the compatibilizer. T.S. mainly governed by morphology while T.E. & Impact strength were closely affected by both molecular mobility & morphology.
Conforti et al [128] have reported that  the enthalpy of mixing for a glassy blend from CO2 sorption & dilation were measured.The subject glassy blend of PPO/PS, Pure PS & PPO also studied. The interaction parameter used to calculate enthalpy of mixing.
Cowie et al [129] have reported about the glass transition Tg and the structural relaxation processes of blends of PS and poly (2,6-dimethyl-1, 4-phenylene oxide) are studied by DSC. The experimental & theoretical values were compared.
Cretan et al [130] have studied the temperature and strain-rate dependence of the plastic yield in compression of blends between polystyrene (PS) and poly(2,6,dimethyl 1,4,phenylene oxide) (PPO) are investigated. The salient result of our study is that an amount as small as 2 wt% of PPO can significantly lower the yield stress and elastic modulus of pure PS.
Cuperus et al [131] have reported that poly (2,6-dimethyl-1, 4-phenylene oxide) ultra filtration (UF) membranes are characterized by means of 2 techniques. A new method for the determination of skin thickness the gold sol method was introduced and applied to these membranes. This method measures the active pore size of that are actually responsible for the membrane performance. SEM used to define morphological property of the membrane.
Daly et al [132] have described the electrophilic elaboration including bromination, nitration chloromethylation and aminomethylation poly (2,6-dimethyl-1, 4-phenylene oxide), poly (arylene ether sulfone), and poly (2-cyano-1,3-phenylene arylene ether) was presented. Reaction conditions which minimized degradation of the polymer substrates were defines using bisphenol A bis[4-(phenylsulfonyl)phenyl ether] as a model compound. Application of the amino & aminomethyl polymers as substrates for the grafting of g-benzyl L-glutamate N-carboxyanhydride to poly (arylene ether sulfone) were reported.
Das et al [133] have reported about the N+ ion beam induced effects on spin coated amorphous poly (2,6-dimethyl 1,4-phenylene oxide) (PPO) film in terms of chemical structure and electronic and vibrational properties were investigated using FTIR & UV–visible spectroscopy.
 
Dembek et al [134] have reported about the synthesis of soluble, organometallic poly (phenylene oxide) and poly (phenylene sulfide) derivatives via transition – metal-activated nucleophilic substitution. The characterization techniques used as TGA, PMR, 13C NMR, elemental analysis & inherent viscosity measurements.
Dobkowski et al [135] have studied about the temp of initial decomposition Tid was determined from TG & DTG curves of mass loss during thermo-oxidative polymer decomposition. The values of Tid were applied for composition of the thermal stabilities of several polymers eg. PC-A, PBT, PET, PPO & PVC. Eid were also calculated using Tid. The stability found in sequence of PC-A (st)/PC-A(nst)/ PBT/ PET/PPO/PVC. It used to determine the lifetime assessment of polymer.
Dutt et al [136] have reported that the syndiotactic polystyrene (sPS) and poly (phenylene oxide) (PPO) blends, miscible in melts state, were crystallized from melt as well as quenched state at different temps. The effect of processing conditions on spherulite texture, ultimate tensile properties & made of fracture was studied.

Eklind et al [137-138] have investigated that the influence of a poly (styrene–grafted – ethylene oxide) P(s-g-EO) copolymer poly (2,6-dimethyl-1, 4-phenylene oxide)/ Poly (MethylMethacrylate), (PPO/PMMA) blends was studied by a no. of different technique in order to characterize the properties of the interphase. SEM, DMA, solid state NMR techniques were used to characterize the blend systems. The effect of the poly(styrene-grafted – ethylene oxide) with different graft lengths and graft densities on the interphase properties (morphology, DMA, dielectric responses) of poly (2,6-dimethyl 1,4 phenylene oxide) / PMMA blends was studied by different technique to get information of interphase properties.
Espuche et al [139] have reported about the gas transport properties of films prepared from initially miscible thermoplastic/thermoset blends, respectively PS (lacqrene 1070 N from Atochem) and poly (2,6-dimethyl-1,4-phenylene oxide) (PPE from GEplastics) each blended with bisphenol-A diglycidyl ether (LY 556 from Ciba) and 4,4’-methylene bis (3-chloro-2,6-diethylaniline ) (MCDEA from LONZA) in a 1/1 ratio. And studied about transport & permeability property of the blend system.
Fatou et al [140] have reported that the examination is made of the thermal properties & miscibility of binary blends of isomorphic semi-crystalline polymers differing in their chemical structure.
 Fekete et al [141] have investigated the miscibility structure and property relationships were studied by different techniques for various polymer pairs. Far blends of PS, SAN, PC & Polyphenylene oxide [PS/PPO, PS/PC, PS/SAN & PPO/SAN] were investigated in the entire composition. SEM & UTM used to characterize the blend systems.
Fernandez et al [142] have reported that phase boundaries and lower critical solution temperatures were studied for blends of random styrene-2,4-dinitrostyrene copolymers with poly (vinyl methyl ether) and with poly (2,6-dimethyl-1, 4-phenylene oxide).It was concluded that nitro group substitution had an adverse effect on mixing with poly (vinyl methyl ether) and poly (2,6-dimethyl-1, 4-phenylene oxide).
Fried et al [143-146] investigate the polydimethylphenylene oxide and styrene-maleic anhydride copolymers that were characterized by DSC, DMA & tensile measurements. The number of Tgs found to depend on copolymer composition large – strain mechanical properties were highly dependent on blend compatibility and method of sample preparation. Interfacial adhesion was shown to be strong for heterogeneous blends. The compatibility of PPO with poly (4-methylstyrene) was studied & Tg (DSC) density and inverse gas chromatography results were compared with values for blends with PS. The studies of poly (2,6-dimethyl-1,4-phenylene oxide) blends with poly (4-methyl styrene) their compatibility were determined by DSC.The blends of PA-6/PPO: 70/30 were reactively compatibilized using carboxylated polystyrene and poly (styrene-block-4-methylstyrene) with various degree of carboxylation. 
Frish et al [147-154] have worked on the three types of blends of the above polymers were prepared (full IPNs, pseudo IPN and linear blends) of poly (2,6 dimethyl, 1-4 phenylene oxide) and polystyrene by using DMA, DSC, SEM & ultimate property tests. The synthesis of pseudo or semi- and full-interpenetrating polymer networks (IPNs) of PPO with elastomeric di-Me siloxane investigated as increase in elasticity and decrement of Tg were reported.The IPN networks were prepared by simultaneous crosslinking of brominated poly (2,6-dimythyl-1,4-phenylene oxide) with ethylenediamine and hydroxy-terminated di-Me siloxane with tetrallyloxysilone. The IPN networks were stable uto 6400 C above which phase separation as revealed by SEM & Tg measurements. Full IPN and pseudo-interpenetrating networks IPNs of PPO and polybutadiene I were synthesized and characterized. A single Tg at intermediate position was discovered by DSC and confirmed by TEM.
However simultaneous crosslinking of brominated poly (2,6-dinethyl-1,4-phenylene oxide) I with ethylenediamine and polyurethane acrylate with styrene and divinylbenzene gave interpenetrating polymer networks which exhibited a single glass temperature.The simultaneous IPNs of high mol. Wt. Natural rubber (NR) from Manihot glaziovii and PPO were prepared and characterized by DSC and SEM..The electrical properties of PPO/NR blend with different doping concentration of iodine were studied the conductive behavior and morphology change in the system. While the blend of (PDR1MA-~co~MMA) /PPO system, and ACDR1 doped PDR1MA~co~MMA/PPO system.
Fujiwara et al [155] have reported about the blend of poly (2,6-dimethyl-1,4- phenylene oxide)/Polystyrene and Polyphenylene ether/Triallyl Isocyanurate (TAIC). The blends are assessed by observation of phase diagrams rheological measurements of the melt and cure kinetic analysis by DSC. Phase morphology of cured material was investigated by DMA & TEM.
Fukada et al [156-157] have disclosed the compositions showing good moldability and impact resistance without sacrificing heat and chem. resistance contain (a) 90-99.9 parts poly (phenylene oxide) PPO or polymers containing PPO and (b) 0.1-10 parts ethylene – carbon monoxide – (meth) acrylic acid copolymers. Thus 99 parts N 50-4125 (modified PPO) and 1 part 60: 10: 30 ethylene – co-Bu acrylate copolymer were Kneaded at 3000C HDT, Izod impact strength, tensile strength , viscosity and no peeling by bending test were used to investigate the blend.. The segmental orientation - dependent interaction in polymer system, segmental orientation in (3% by weight) poly (2,6-dimethyl 1,4 phenylene oxide) PPO were studied by dichroism spectrosocopy 
Gallucci et al [158] have reported disclosed the role of chemical interactions in producing blends with diverse properties is discussed and demonstrated utilizing a wide range of miscible immiscible & partially miscible polyblends of polycarbonate/polystyrene, polyetherimide/ polycarbonate & PPO/polyamide.
Gao et al [159] have disclosed about the catalytic behavior and structure characterization of phosphinated poly (2,6-dimethyl-1,4-phenylene oxide) supported different molar palladium containing composition of the Pd catalyst. The effect of  solvent and reaction temperature on the catalytic activity in the hydrogenation and isomerization of was also investigated. The different technique IR, XPS & TEM observation were applied to study the system.
Gaymans et al [160] have studied the copolymers of telechelic poly(2,6-dimethyl-1,4-phenylene ether) segments with terephthalic methyl ester endgroups (PPE-2T), 13 wt% crystallisable tetra-amide segments of uniform length (two-and-a-half repeating unit of nylon-6,T) and dodecanediol (C12) as an extender were made via a polycondensation reaction in the melt. The maximum reaction temperature was 280 8C.
Geng-Wen et al [161] have reported about the physical mechanical properties changed and were investigated during isothermal physical ageing of miscible blends of PS/PPO,PS./PVME, and PMMA/PEO. The kinetics of stress relaxation were investigated for the blend, dilute in one component and compared with that of the neat major component at equal temp. distances, Tg-T from the midpoint Tg. Stress relaxation of PS/PPO & PS /PVME are fasten than neat PS where as PMMA/PEO were slower for neat PMMA.
Gibala et al  [162-163] have Measured the fracture toughness and fatigue are presented for PS, PPO and their blends containing 25 to 90% PPO. The mechanical & morphological behavior of PS based compatible blend systems were studied using a tensile tester, SEM & optical microscopy. Four different blends were studied. PS/PPO, PS/Poly (vinylmethyl ether) PVME & PS/poly (alpha-methyl styrene).
Glarum et al [164]: have reported about the gel permeation chromatography and IR spectra were used to characterize several poly (phenylene oxide) films formed by the anodic oxidation of aq. phOH solutions. And materials were characterized by IR spectroscopy.
Gleria et al [165] have reported that blends of polystyrene (PS) with poly (bis (4-phenoxyphenoxy) phosphazene] PPA were studied by DSC and XPS. A third component poly (2,6-dimethyl-1,4-phenylene oxide) was added as compatibilizer. While DSC & XPS reveals that PS & PPA are in compatible, the presence of PPE increase the compatibility between two.
Goh et al [166-171] have disclosed the miscibility of PPO with various copolymers of styrene with 2,2,6,6-tetramethylpiperidinyl methacrylate (S-TPMA) was studied by DSC. The benzene rings of PS were iodinated to various extent and PPO was found to be miscible with iodinated PS samples. The blend of PPO with poly (p-methylstyrene-co-acrylonitrile) found to be miscibile by using DTA & DSC to find the Tg of the blend system. The miscibility of fullerene-containing PS with PPO and with poly (vinyl methyl ether) PVME was studied.The miscible PVME/fullerene-containing PS blends showed lower critical solution temp. behaviour. A report is presented on  the use of XPS spectroscopy to probe intermolecular interactions in blends of PS/PPO, poly (p-methylstyrene)/PPO and Poly (styrene-co-methyl styrene)PPO blends. The results obtained indicate that the existence of pi-complexation between PS and PPO and methyl substitution of PS, markedly reduces intermolecular interactions. While it is found that the miscibility of C60-contg. PPO (PPO-C60) with several styrenic polymers. However the two PPO-C60 samples are miscible with poly(styrene-co-acrylonitrile), with single Tg ,when the acrylonitrile content of the copolymer is 6.3 wt% or less. 

Groeninckx et al [172-179] have investigated about the PS and blends of PS with poly (2,6-dimethyl-1,4-phenylene oxide) were blended with either a liq .crystalline oxybenzoate – oxynapthoate copolyester (Vectra A 950) or a liq. crystalline oxynapthoate – terphthalamide polyesteramide (vectra B 950). And characterized by SEM and Mechanical Property. The Phase morphology development in immiscible PP/PS/PPE blends and influence of the melt viscosityratio and the blend composition. Both the dynamic breaking thread method and the equilibrium pendant drop analysis method were used to evaluated the influence of PPE content in the PS/PPE phase on the surface and/or interfacial tension in PP/(PS/PPE) and polyoxymethylene/(PS/PPE) systems. While in Immiscible polymer blends were formed by the addition of poly (oxymethylene) (POM) to a miscible blend of polystyrene (PS) and PPO or PPE and the fractionated crystallisation behavior of POM was investigated using differential scanning calorimetry and related to the blend phase morphology.Multiple crystallisation peaks were observed and related to the width of the particle size distribution of the disposed POM phase. While the  immiscible blends of isotactic polypropylene (PP) with a miscible amorphous phase containing varying concentrations of polystyrene (PS) and poly (2,6-dimethyl-1,4-phenylene ether) (PPE) were prepared in the melt, to study the influence of the blend composition and the melt- viscosity ratio, p, on the phase morphology. However the influence of the PPE content in a miscible PS/PPE phase on the surface tension and polarity of PS/PPE mixtures, and on the interfacial tension in PP/(PS/PPE) and POM/(PS/PPE) blend systems was investigated. Surface tensions, s(T), and polarity,xp, were Experimentally determined by means of the pendant drop analysis technique.The (PPE/PS)/PA6 and PS/PA6 blends were prepared by means of melt-extrusion. They were compatibilized using the reactive styrene-maleic anhydride copolymer with 2 wt% maleic anhydride (SMA2)have been  investigated by scanning electron microscopy, dissolution and extraction experiments. While the confined crystallization phenomena in immiscible polymer blends with dispersed micro - and nanometer sized PA6 droplets, part 1: uncompatibilized PS/PA6, (PPE/PS)/PA6 and PPE/PA6 blends. was investigated by DMA and The PA6 droplet size distribution is shown to strongly influence the crystallization behavior of the droplets.Decreasing the PA6 droplet size results in slower overall crystallization rates.Confined crystallization phenomena in immiscible polymer blends with dispersed micro- and nanometer sized PA6 droplets, part 2:reactively compatibilized PS/PA6 and (PPE/PS)/PA6 blends investigated by SEM and DSC.
Grutke et al [180] have reported about the poly (oxy-2,6-dimethyl-1,4-phenylene) samples with bicyclic olefin end groups were obtained by esterification of the hydroxyl end group of the Polyphenylene oxide with bicyclo(2.2.1)hept-5-ene-2-carbonyl chloride. Mixtures of there macromonomers with bicyclo [2.2.1] hept-5-one-2-carboxylic acid 2-(2-methoxy-ethoxy) ethoxy) ethyl ester were copolymerised by ring opening polymerization to produce graft copolymers with PPO side chains.
Guangmin et al [181-185] have worked on miscibility and phase behaivour in blends of poly (styrene-co- Acrylonitrile) with benzolated poly (phenylene oxide) by using DSC & cloud point method. The thermally induced phase transformation behaviors of carboxylated PPO/Polystyrene PS and PPO/PS blends were studied by using a difference-spectrum method of fourier transformation IR spectrometry.While the sulfonated poly (phenylene oxide) lithium (SPPOLi) was blended with plasticizers propylene carbonate, dioctyl phosphite and BU stearate respectively. The dielectic constant of the plasticizers had a significant influence on the conduction of the blends. The lightly sulforated poly (phenylene oxide) (SPPO) ionomers in differents mixing solvents were emulsified by water to form a series of waterborne microemulsion. The polarity of solvents was an important factor for the formation of stable microemulsion systems and was characterized by measuring the variation of conduction, viscosity and surface tension with addition of water.
Guerra et al [186-187] have studied that the polymorphic behavior of syndiotactic PS (S-PS) is altered by blending with Poly (2,6-dimethyl-1,4,-diphenylene oxide) PPO when the former is crystallized from the quenched amorphous phase. The complex polymorphic behavior of syndiotactic polystyrene is modified in the miscible blend with PPO is melt crystallized. samples as well as in samples crystallized.. from the quenched amorphous phase. In particular the formation of the crystallized.  form having a peculiar solvent resistance is favored. Possible interpretation of the phenomena is presented.
Guo et al [188] have reported the morphological & mechanical behavior of phenolphthalein poly (ether ether ketone) (PEK-C)/ poly (2,6-dimethyl 1,4 phenylene oxide) blends was investigated. A poly (ethylene oxide)-b-PS-b-poly(ethylene oxide) (PEO-PS-PEO) triblock copolymer was used as compatibilizer. Addition of PEO-PS-PEO to the blends greatly improved phase dispersion & interfacial adhesion. Ultimate tensile strength and Young's modulus was also enhanced from 30-70%. PEK-C.
Han et al [189] have reported about the influence of blending sequence on the compatibilization of a blend of poly (2,6 dimethyl-1,4-phenylene oxide) mPPO & PBTP using as compatibilizer, a copolymer of styrene & glycidyl methacrylate (SGMA) containing either 4, 9 or 13 mole % of glycidyl methacrylate was investigated by determination of morphology, DMA rheological properties & mechanical properties of the blends.
Henschen et al [190] have reported the development of these blends was reviewed with consideration of blends of amorphous and semi-crystalline polymers to overcome high gasoline & stress cracking sensitivity of polycarbonate (PC) or PPO and poor dimensional stability and ductility of polyamides or PBTP, development of Xenoy PC/PBTP blends, PC/polyester, PC/PETP & PPO/Polyamide blends with excellent properties.
Holger et al [191]  have investigated the immiscible blends of poly(2,6-dimethyl-1,4-phenylene ether)(PPE) and poly(styrene-co-acrylonitrile) (SAN) with a weight composition of60/40 were compatibilised by polystyrene-block-polybutadiene-block-poly(methyl methacrylate) triblock terpolymers (SBM) using a two-stage melt-processing approach. In order to investigate the influence of the SBM composition on the compatibilisation efficiency, the block lengths of the triblock terpolymers were systematically varied.The fundamental correlation between SBM composition and blend morphology established in this study opens the door for the controlled development of interfacial properties of such compatibilised PPE/SAN blends during meltprocessing.
HO Rong et al [192] have reported that higher service temperature pressure -sensitive adhesives (PSA) were formulated from poly (styrene-b-isoprene-b- styrene) (SIS) blended with low mol. wt midblock and endblock associating .resins. The aliphatic midblock resin was Wingtack 95 and the aromatic endblock resin was a polyphenylene ether (PPO). Even in small amts. (<3%) the PPO raised the service temp of the adhesive as measured by elevated temp. holding power (lap shear ) tests.
HO T. et al [193] have disclosed the twin screw extruder was used to blend PMMA (plexiglas VS-100) with SAN (Tyril 1000), PS with poly (2,6-dimethyl 1,4 phenylene oxide)- Noryl (696) and PMMA with PVDF (Kynar 721). A short term stress relaxation measurements were performed diff. Temps. below Tg and a constant strain of 0.5%. Using an Instron tester equipped with a temp. chamber. And study the correlation between ageing temp & ageing time with power law.
Hseih et al [194] have reported the thermal properties of several families of polystyrene (I) – poly (2,6-dimethyl1, 4-phenylene oxide) (II) sulfonated I-II, I –sulfonated – II & I-sulfonated – II-sulfonated blends were studied by DSC. The appearance of a single Tg i.e. blend miscibility depended on the level of sulfonated one or both components of the blend. Good & broad miscibility found for both functionalized components.
Hudson et al [195] have reported about the shear induced droplet coalescence in immiscible fluid mixture. The blend system characterized by rheological & morphological techniques.
Hwang et al [196] have studied that melt blends of poly (phenylene oxide) PPO with glass fiber-reinforced syndiotactic polystyrene (GFR sPs) were prepared using a single screw extruder. DSC & DMA measurement’s indicate that the PPO/GFR, PS blends are miscible in amorphous state as shown by the existence of a single Tg whose values are blend composition. dependent. Where as mechanical properties were also improved especially in T.M. & F.M.
Hwung et al [197-198] have discloses the relationship between the miscibility and the physical propertis of polymer blends of PPO and PS, high impact polystyrene, poly (styrene-block-butadiene-block-styrene) (SBS), which were blended in different composition by a twin screw extruder. These blends were investigated by using DSC, DMA,SEM., mechanical properties.
Ijichi et al [199] have reported that the specimens with 2 mm thickness were stretched at 0.5 mm/min & the time-resolved scattering profiles were measured by imaging plate and position- sensitive proportional counter. In the nylon / poly (2,6-dimethyl –1 4-phenylene oxide) / PS- hydrogenated Polybutadiene – PS triblock copolymer rubber blend, in which the matrix was nylon & PPO was the domain containing rubber inside with a relatively small particle diameter of about 02.-0.5 micrometer (m) the voids began to form just before the yield point. Blends were characterized by SEM, TEM, XRD, X-Ray scattering, & Mechanical properties.
Ikkala et al [200] have investigated that the blends of polyphenylene ether containing composition ratio from 5 to 95 pbw & other one from 95 to 5 pbw’s which were immiscible therewith and a component (compatibilizer) which enhance the compatibility of the polymers. The compatibilizer comprises 0.1 to 10 wt% preferably about 1.5 to 10 wt % of at least one compound of given formulae. M.P. above 500C & B.P. above 2000 C at (1 atm) capable of at least partially dissolving the polyphenylene ether. And can be used for the preparation of fiber’s, coatings and films.
Inagaki et al [201] have reported about the thermal properties and the miscibility of ionomers of sulfonated polystyrene (SPS/PPO), sulfonated polystyrene (SPS/SPPO) blends were studied. The Tg and the miscibility of the blends depends on the ratio of sulfonation and types of counter ion. Tg increases as the sulfonation ratio increased in P.S. but the miscibility decreased in SPS/PPO. When both become sulfonated miscibility increases Ionomer with in are more miscible than those with Na, Zn & Al. heat in increase by 350 C while preserving electrical Properties.
Ishii et al [202] have reported about the thermosetting PPO compounds were developed in order to satisfy both high heat resistance and low dielectric constant requirements. Three technologies were applied i.e. insertion of allyl group onto PPE backbone, blending with triallyisocyanurate and blending with epoxy resin. Cured resins showed high Tg and good dielectric properties. Application to copper clad laminates also studied.
Jacques et al [203-204] have worked on the vapour and liquid equilibria in glassy polyblends of polystyrene and poly (2,6-dimethyl-1,4-phenylene oxide) (PPO). And characterized by DSC, DTA, density data 7 refractive index data. The Kinetics of morphology changes was studied as a function of temperature and blend composition.
Jelenic ete al [205] have gave the Zimm plots for various blends of styrene acrylonitrile copolymers (P-SAN) of different composition, deuterated PMMA, PVC, PPO & PS are given. Inspite of chemical heterogeneity of copolymers no principal differences are formed between blends from two homopolymers & blends.
Jo W et al [206] have reported the compatibilizing effect of styrene methyl methacrylate block copolymer on the phase behavior of poly (2,6-dimethyl-1, 4-phenylene oxide) and poly (styrene–co-acrylonitrile) blends. The morphological & thermal properties were studied.
Kaito et al [207] have investigated the crystallization and orientation behavior in the miscible iPS/PPO blends were studied aiming at producing oriented materials consisting of iPS crystals and amorphous PPO chains. Oriented films of iPS/PPO blends were studied by the wide-angle X-ray diffraction (WAXD), and the orientation behaviors of molecular chains were analyzed by polarized FTIR spectroscopy
Kambour et al [208-211] have studied the phase behavior of polystyrene, poly (-2,6-dimethyl-1,4-phenylene oxide) and their brominated derivatives. The segment- segment interaction parameter values were derived and used predict ternary blend results. Compatibility of PPO/ Brominated-PPO blend systems were investigated by neutron scattering ,SEM,TMA,DSC studies 
Kansara et al [212] have reported about the synthesis & characterization of poly (2,6-dimethyl-1,4-phenylene oxide), and characterized by GPC, osmometry, viscosity measurements.
Ke [213] has been reported the composition contains poly (2,6-dimethyl-1, 4-phenylene oxide): 5-75, nylon 6: 10-85 and maleated EPDM or maleated EPR rubber 5-5-%. The composition is prepared by mixing the raw materials extruding at 240-2850 C and injection molding at 240-2850 C 6-8 MPa & mold temp 70-900 C.
Ko J. et al [214] have worked on  the molecular relaxation behavior of miscible PS/PPO blends was studied by means of DMTA & DSC.  The analysis of molecular relaxation at low temp arising from the motion of ring structure located in the main backbone of PPO.
Koning et al [215-217] have investigated the morphology and mechanical properties of blends of nylon 4,6 and PPO containing an anhydride modified polyphenylene oxide acts as a compatibiliser, form the finer morphology were investigated. The primary –amine-terminated polystyrene (PS-NH2) is applied as a reactive compatibilizer for SMA/PPO blends. The continuous SMA phase impact modified by ABS, where as dispersed PPO phase contains SEBS as an impact modifier. The addition of 10 wt % of the reactive PS – NH2 compatibilizer to a SMA/ABS/PPO/SEBS: 30/30/30/10 blend results in a finer morphology enhancement of yield stress, stress at break and the notched Izod impact than the grafted PS~g~PMMA copolymer. Strongly elastic character due to partial crosslinking of the SMA/ABS phase by difunctional H2N-PS-NH2. While (-3-aminopropyl aminopolystyrene used to compatibilize (SMA/PPO) blends & (SMA/PS) blend systems.
Khulbe et al [218-221] have studied the dense membranes were prepared from PPO using different. Solvents, i.e. carbondisulfide, benzene, 1,1,2-trichloroethylene (TCE), toulene chlorobenzene and bromobenzene. The membranes; were characterized by AFM, ESR and Raman scattering techniques. PPO membrane prepared using CS2 as a solvent (PPO-CS2) had a entirely different surface morphology. The surface layer of the PPO-CS2 membrane contained super nodular aggregates of size 1.199 mm in diameter. These super  nodular aggregates consisted of nodules of size about 43.0  nm. But no nodules found in other membranes PPO-CS2 membrane is far better in properties among other membrances. The surface structures of dense (homogeneous) and asym (integrally skinned) membranes made from poly (2,6-dimethyl-1,4-phenylene oxide) and in (1,1,2-trichloroethylene) TCE were investigated by Raman spectroscopy and by tapping mode at force microscopy (TM-AFM). Results revealed by Raman spectroscopy indicates the “state of the polymer” in the polymer powder and in the membrane prepared from PPO by using different solvent was, not identical. Which is also conformed by observing higher permeation rate of CO2 in the membrane. The effect of different temp (220 C, 40 C & -100 C) used during evaporation of solvent on the characteristics of the membrane was studied by using ESR, AFM & gas permeation rate. The PPO membranes prepared by using 1,1,2-trichloro-ethylene (TCE) or CS2 as solvents, and characterized by plasma etching and AFM. 
Kim Jae et al [222] have reported about the glass temp. of poly (2,-6-dimethyl-1, 4-phenylene oxide) PPO-polystyrene (PS) blend thin film was measured as a function of thickness (200-1200 Ao) and composition and compared with the calculated glass temp. The Tg shift downward as thickness of the film decreased.
Kim Jin et al [223] have  investigated  that kraton G 1651 was blended with PPO in the melt using a leistritz intermeshing co-rotating twin-screw extruder. Cylinder microdomains of the PS phase in Kraton G1651 were changed into lamellar microdomains in a mixture containing 14.3. wt% PPO. However when the amount of PPO in the mixture was operate than 28 wt % part of the PPO was solubilised in to the PS block of the copolymer and the rest underwent macrophase separation. The morphology of 28.6 wt% PPO containing melt blend had been different from solution coating followed by annealing.
Kim Mu et al [224] have reported about the Tg of sulphonated poly (2,6-dimethyl 1,4 phenylene oxide) ionomers blended with sulphonated P5 and poly (styrene-co-sodium methacrylate) ionomers and its blend with poly (styrene-co-vinyl pyridine) were studied using DSC. All compositions show single Tg & it increases with increasing ionomers content in the blend system.
Karasz et al [225 ]  have studied the phase behavior of ternary blends of poly(2,6-dimethyl-1,4-phenylene oxide) (PPO), polystyrene(PS) and a 50/50 mole % statistical copolymer of o-chlorostyrene and p-chlorostyrene [p(oClS-pClS)] has been investigated by differential scanning calorimetry (DSC) and analyzed in terms of a Flory-Huggins mean-field segmental interaction parameter treatment.
Krijgsman et al [226] have reported  about the block copolymer useful as a compatibilizer in blends has a general formulae A 'Z' BZA or -[ZB (ZA)n]m – (B=polyphenylene ether segment, A & A' were hydroxyl & amino, hydroxyamino; Z, Z'= difunctional carboxylic acid; n, n2 1). Thus 40 parts PPO 803 Polyphenylene oxide was mixed with tetramethyl bisphenol A 4 & tetramethyldiphenoquinone 0.40 parts for 3 to from reaction product (yield 94%) with mol wt. about 3150 g/mol, parts of which was reacted with 1.5 parts Me chlorocarbonyl benzoate in the presence of triethylamine then reacted with 0.47 parts dodecanediol to give a copolymer having inherent viscosity 0.33 dl/g.
Kryszewski et al [227-230]  have carried out to study the effect of polydimethyl phenylene oxide on thermal degradation of PS was investigated The results were discussed in terms of miscibility of the system and its effect on the mechanism of pyrolysis by chromatography. Blends of head-to- head polystyrene with poly (2,6-dimethyl-1,4-phenylene oxide) were prepared and studied by DSC and dialometry over the whole range of composition. The PS/PPO blends shows the single Tg .Observation of fluoresence intensity and lifetime in PS, poly (2,6-dimethyl-1,4-phenylene oxide) and a blend of these showed that annealing and storage permitted chain packing rearrangements, which favored non radiative energy conversion and transfer processes at the expense of direct chromophore emission. The blend of PS/PPO on thermal decomposition the outcome came as PS stablize due to PPO in the blend system at temperature range of 320-3800 C in an inert atmosphere. 

         Lai et al [231] have reported about the synthesis of nylon 6-poly(oxy-2 dimethylphenylene) grafted copolymers (I) and their use as compatibilizers for nylon-6- poly (oxy-2,6-dimethylphenylene) blends were evaluated. Blends containing 10% (I) showed satisfactory mech. properties, except percent elongation and as expected, block copolymer – like graft copolymers gave the best compatibilization to the blends.
Lee et al [232] have worked on the blends of either of two different poly (phenylene oxide ) PPO derivation: p-tert-butylbenzol poly (phenylene oxide) (p-t-BB-PPO) for (benzoyl poly (phenylene oxide) (B-PPO) with poly (2-vinylnapthalene) (P2VN) were prepared by casting from chloroforms. The content of P2VN in the blends ranged from 0 to 25 wt% for each PPO derivatives. The effects were investigated by TGA, light resistance and tensile properties. 

Lemstra et al [233-234] have reported about the reactive processing of PPO was studied using an epoxy resin as the reactive solvent. The miscibility was determined in presence & absence of curing agents.The mechanical and thermal properties of final material was investigated by DMA, DMTA, SEM, shear viscosity, Toughness experiments. The blends of PBT & carboxylic acid modified PPE, blends of PBT & methyl ester modified PPE, blends of PBT & hydroxyalkyl modified PPE, blends of PPE and amino terminated PPE, PBT and tertbutoxycarbonyl protected amino-functional PPE and type of reaction (etherification versus amidation). The results clearly showed that compatible blending occurs between functionalized PPO & PBT.

Liang et al [235] have reported about the compatibility and phase morphology of poly (phenylene oxide) (PPO) multicomponent blends with poly (ethylene terephthalate) (PET) and polystyrene (PS) were studied using DSC, DMA & SEM methods. The effects of glycidyl methacrylate – styrene copolymer (GMS) as a compatibilizer on the morphology of the PPO blends has also been studied in detail. The DSC & DMA results show that two district glass transitions corresponding to PET &PPO existed; however the Tg of PPO shifts towards the lower beings. Due to GMs & PS. PET as dispersed while PS as miscible phase in PPO matrix.

Liang Hongze et al [236] have reported that the poly (phenylene oxide) sulfonic lithium (SPPOLi) – polyethylene glycol (PEG) blends bear the characteristics of single ion conductor. Both molar ratio of SPPOL; to PEG and the mol. wt. of PEG showed influences on the conducting. Ionic conductance upto 810-5 S/cm at room temperature was observed.
Liu et al [237-240] have investigated the Blends of a thermotropic liq-cryst. Polymer (LCP) with modified poly(phenylene oxide) (PPO, Nonyl PX 1214-701) were injection molded. The morphological, Mechanical property and DMA of the blends have been studied as a function of LCP content. Polymer strands with various draw ratios of a thermotropic liq cryst. Polymer (LCP) and mPPO were prepared by drawing the melts leaving a slit die in open air. Their morphology structure and mechanical properties of the resulting strands were studied with changing LCP content and draw ratio. Thermal & mechanical properties of the matrix becomes unchanged (with amount of LCP & draw ratio), but the orientation of LCP phase could be increased with draw ratio. The impact behavior and morphology of fractured surface for blends were also studied for LCP/mPPO blends systems. While blends  of PPO with high-impact polystyrene (HIPS) have been injection molded. Tensile dilatometry was used to study the deformation behavior of the blends. The results showed that pure PPO polymer deforms via shield yielding whereas HIPS deforms by a crazing process. The elastomeric particles also led to small increase in vol. Strain of 70: 30 PPO – HIPS blend.
Macknight et al [241-259] have  investigated about the PPO blends;as they extensively worked on PPO blends. They prepared the blend of PPO with poly (P chlorostyrene) and a random copolymer of styrene and (P-chlorostyrene) to study the thermally stimulated discharge currents. And hence polymer electrets were prepared. The compatibility of the P-chlorostyrene-O-chlorostyrene copolymer with polydimethyl- phenylene oxide) blend were prepared and their compatibility studied by DSC. However the blend composition of PPO and poly (styrene-co-4-chlorostyrene) were studied by dilectric relaxation spectra (dielectric constant and loss delta) of the blend components were much broader than their parent component, while DSC and density measurements performed on the above polymer blend system (PPO & PS~co Cl-ST) showed that chlorostyrene copolymer were compatible with PPO as indicated by single Tg. The Tensile and flexural measurements shows good change in values as expected in the PPO and Poly (styrene-co-4-chlorostyrene) blend systems. The calorimetric and neutron scattering studies of mixtures of polystyrene with poly (2,6-dimethyl-1-4-phenylene oxide) and its brominated derivatives as PS properly mixed with polydimethyl phenylene oxide is dispersed on a molecular scale thus favorable free energy of mixing is indicated. The absence of immiscibility between PPO and poly (o-bromostyrene – co-p- bromostyrene) copolymer is explained on the basis of mean field theory of phase behaviour using temperature miscibility window and the interaction parameters between the polymer component in the blend systems. The compatibility of the PPO/poly (fluorostyrene-co-chlorostyrene) blend studied by using film clarity, DSC, TGA. The Carboxylation of PPO by means of PPO with differing concentrations of carboxylic acid and PS examined by using DSC. The phase separation due to thermally induced in homogenous blends of poly (2,6-dimethyl-1,4-phenylene oxide) with poly (o-fluorostyrene-co-p-chlorostyrene) and with poly (o-chlorostyrene), and with poly (o-fluorostyrene-co-o-chlorostyrene were studied by DSC at temperature between 230C to 3200C and their stability was measured by TGA.. Macknight et al also studied the effect of pressure on the PPO; poly (o-fluorostyrene–co-p-fluorostyrene) copolymer and also with poly (styrene-co-p-fluorostyrene) copolymers. However miscibility and phase behaviour of copolymer of poly (o-fluorostyrene co-p-bromostyrene) as prepared by free radical polymerization in the toulene solution using AIBN with PPO as were studied by DSC. The thermodynamic stability of copolymers as of SAN, styrene-flurostyrene copolymers, methyl methacrylate-methylacrylate. Copolymers and methyl methacrylate-butyl acrylate copolymers varing composition with sulphonated PPO. The sulphonated PPO blends with poly (p-fluorostyrene), poly(o-fluorostyrene), poly (p-chlorostyrene), poly (o-chlorostyrene), poly (p-bromostyrene) and poly (o-bromostyrene) were studied by DSC. A miscibility regime was found only for poly(o-fluorostyrene) blends. Karaz one of McNight follow had studied miscibility of PS and PPO blend with help of 1H-NMR spin difference and 2D HETCOR method. 
Mahajan et al [260]  have reported the structural modification of PPO is discussed with reference to bromination, phosphonylation, carboxylation, sulphonation, vinylation, acylation, amidation, etherification and esterification. It is shown that the thermal properties of the modified polymers do not change much as compared with the parents PPO, but that the broad range of solvents available for modified PPO enhances the possibility of casting membranes. The PPO had polar amide group as side chains could be used as a compatibilizer for Nylon / PPO blends.
Maier et al [261] have reported about the miscibility of the carbosilane analogue of poly ((-methyl styrene), poly (methyl phenyl (silylenemethylene) named poly (Sila-alpha methylstyrene) with a weight average molecular weight value of 1,88,000 & PS having different molecular weights was investigated using DSC & cloud point measurements.
McCarley et al [262] have carried out  the work on the characteristics of Polyphenylene oxide dielectric film formed by electropolymerization Of (Me4NOPh) on Pt in MeCN containing. Bu4NC 104 was studied. The ability of the self-passivating poly (ethylene oxide) to act as transport barriers is described.

McCarthy et al [263] have reported  that the diffuse shear banded zones of blends of polystyrene and poly (2,6-dimethyl1,4-pheyene oxide) subjected to uniaxial compression. The dependence of upper yield stress on molecular characteristics and the effect of crosshead speed on post yield stress are considered and reasons for the different behavior of the blends are discussed.

Merfelda et al [264] have studied the miscibility of diglycidyl ether of bisphenol-A (DGEBA) based epoxies with a series of poly(2,6-dimethyl-1,4-phenylene ether) (PPE) resins was measured and the effects of PPE molecular weight, end-capped or grafted functionality, and blend composition were explored.

Miyoshi et al [265] have disclosed about the improved high-frequency electrical characteristics of good heat resistance contain poly (phenylene oxide), cross linking agents, initiators, inorganic fillers, inorganic ion exchangers & silicones. Thus PPO 50, triallyisocyanurate 48, perbutyl P2, SiO2, 200, SbBi 0.603.1 (OH) 0. 04 (NO3) 0.2 H20 5 silicone rubber 0.5, stearic acid and colorants 1 part were molded into test specimen electrical proposition were measured.

Mondragona et al [266] has studied the Diaminodiphenylmethane (DDM) curing at several temperatures of a diglycidyl ether of bisphenol A (DGEBA) epoxy resinmodified with a poly(ethylene oxide)-block-poly(propylene oxide)-block-poly(ethylene oxide) (PEO-PPO-PEO) block copolymer has been investigated inorder to characterize the miscibility and morphological features.

Monnerie et al [267-272] have investigated about the IR measurements of the dichroic ratio of the absorption bands of the unaxially oriented PPO/a-PS blend showed that PPO & PS chains oriented in a different way when subjected to a uniaxial strain, despite the compatible nature of the blend.The Evaluation of the birefringence of uniaxially oriented PPO-atactic polystyrene blend obtained from coupled birefringence and IR dichroism measurements.In blends of PS / PPO (35%) influence of strain rate, temperature of stretching and molecular weight on orientation of both polymer chains in blends containing upto 35% PPO has been studied by FTIR spectroscopy. Molecular orientation and relaxations of compatible blends of PS and polyvinyl methyl ether were investigated using IR dichroism and dynamic shear measurements.The real and imaginary parts of the dynamic shear modulus of 10 and 30% PPO-PS blends were measured from 1,000 to 1Hz during physical aging upto 1000000s.. The real and imaginery parts of the dynamic shear modulus of 10, 20 & 30% PPO-PS blends were measured near Tg. (supercooled liq. State) and at lower temps (isoconfigurational state) in the frequency range from 5 times 105 to 5 Hz and the data obtained compared with those for pure PS and reports about the beta-relaxation studies of these blend systems. The FTIR measurements were made of the dichroic ration of PS and PPO blends to determine the molecular orientation of both polymers during stretching of their compatible blends.

Murashko et al [273] have reported the combustion performance of PPO and high impact PS blends retarded by resorcinol bisdiphenyl phosphate was studied, TGA perform in inert atmosphere or in air reveals that resorcinol bisdiphenyl phosphate increases char yield from the plastics.

Murthy et al [274] have reported the properties of synthetics polymer blends composition dependent. The composition of polymer blends and alloys and the crystallinity and crystallite size/perfection of each of the components are determined are detected. by X-ray diffraction methods (XRD). The influence of blending and grafting is illustrated by analyzing the data from 2-component blends, is poly (ethylene terephthalate) I – poly (2,6-dimethyl 1,4 phenylene oxide) nylon 6-II, and Fumaric acid – grafted II-nylon – 6.

Nelson et al [275] have reported that the Zn enhances the fire performance of Noryl high-impact polystyrene – poly (phenylene oxide) blends only in the presence of a aryl phosphate flame retardant. Zinc borate served to capture triaryl phosphate and reduced the heat release, flame spread and smoke formation. Flame retardancy and heat release mechanism was discussed.

Opalicki et al [276] have reported the estimation of the compatibility of poly (2,6-dimethyl 1,4 phenylene oxide) and poly (fluorostyrene – co-Bromostyrene) from dilute solution viscosity measurements were discussed.

Opazo et al (277) have reported the miscibility of poly(2,6-dimethyl-1,4-phenylene oxide) / polyvinyl pyrrolidone blends. The blends were characterized by using DSC, SEM, mol wt. determination & molecular structure by PMR.

Palmer et al [278] have reported the step-scan interferometry is applied to dynamic Ir characterization of polymers via a modulation / demodulation in which a small-amplitude sinusoidal stress is applied to a polymer film and the transition dipole responses are monitored as a function of phase lag w.r.t. external perturbation.

Pan et al [279-286], have studied the phase behavior of a series of blends obtained from mixing carboxylated poly (phenylene oxide) with sulfonated polystyrene and their respective neutralized ionomers with metallic cations were studied by DSC. The miscibility improvement due to ion-ion  interactions as resulted from the proton transfer between the carboxylic groups of carboxylated polyphenylene oxide and the pyridine groups of poly(styrene-co-vinyl pyridine) were investigated by using DSC & DMA technique. The solution behavior of PPO ionomer (carboxylated PPO or sulfonated PPO)/poly (styrene-co-4-vinyl pyridine) PSVP blends were investigated. The solution behavior of blends of PPO ionomers (carboxylated PPO, CPPO, or SPPO with PSVP miscibility was confirmed by 1H NMR studies. It was suggested that the ion interactions in these ionomer blends resulted in interpolymer complexes, which increased the viscosity accordingly compare with comparable precursor blends not containing ionic groups. The miscibility and crystallization behavior of the solution blended lightly sulfonated PPO/Poly (styrene~co~4~vinylpyridine) PSVP blend were investigated by conventional and modulated DSC. The acid base interaction in blend was demonstrated by 1C NMR spectra. The phase behavior of lightly sulfonated PPO/styrene-4-vinylpyridine copolymers) PSVP blends was investigated by DSC, and acid base interaction was explained on basis of viscometry and IR and 1C-NMR spectra. Miscibility of PPO based ionomer/PS-based ionomer blends i.e. carboxylated PPO and sulphonated PS and their respective neutralization of ionomers were studied by DSC. However chemical modification of PPO was carried out by incorporating an amine group into the PPO backbone. The aminated PPO obtained was characterized by FTIR & PMR spectroscopes, nitrogen analysis, DSC, solubility & XRD studies. The modified PPO should be useful as an engineering plastics blends and as a membrane material for gas separation application.

Paul et al [287-295] have  investigated the degree of solubilization of PPO homopolymer in the PS microphases of triblock copolymers (mostly styrene hydrogenated poly(butadiene styrene) was investigated by DSC.while in immiscible blends of HDPE/(PEC/PS)/SEBS. Polyether copolymer PEC has structural similarity to PPO and using a liquid displacement stress dilatometer the volume change of samples during uniaxial mechanical  straining was determined and related to the various modes of deformation. The gas sorption and transport in miscible blends of tetramethyl bisphenol-A polycarbonate and polystyrene, the similarity in these results with those for PS/PPO blends. The phase behavior of blends of homopolymers with -methylstyrene/acrylonitrile copolymers. Interaction parameters were determined where possible from lower critical solution temperature type phase boundaries. Data consist on copolymer and homopolymers. Tg’s molecular weights, equation of state parameters, blend Tg’s phase separation temperature interaction energies, cohesive energy parameters and interaction parameters. The interaction between phenyl ring and substituted methyl groups in PPO has large effect on the interaction with PS which was good agreement between neutron scattering and analogue calorimetry. The thickness of the interface between PPO/SAN were obtained using Helfand and Tagami’s theory and were compared with the result of neutron reflectivity experiments and gives good agreement. The interfacial tension “g”influences morphology development during melt mixing while interfacial thickness ‘l’ is related to the adhesion between the phases in the solid blend of copolymers of styrene and acrylonitrile (SAN) with PPO and with BPA-PC (SAN/PPO, SAN/BPA-PC).The blends of copolymers of tribromostyrene (TBS) with styrene and with methyl methacrylate were synthesized and their miscibility with PS, PPO, tetramethyl bisphenol-A polycarbonate, & poly (methyl methacrylate) was investigated. Blends of PMMA~co~ tribromostyrene with poly (styrene ~ co-methyl methacrylate) and blends of both TBS copolymer with poly (styrene-co-acrylonitrile) and poly (styrene-co-maleic anhydride) were also investigated. 

Pearson et al [296] have reported the poly (phenylene oxide) (I) was miscible in DGEBA – based epoxy resin. The I-DGEBA system exhibited upper critical Solution temp. (UCST) behavior. The cloud point temps were measured and were sensitive to the mol wt. of the epoxy resin. The two-phase morphology improved to finer morphology by use of styrene–Maleic-Anhydride (SMA) surfactant to the blend systems.

Pechocova [297] have reported the poly (2, 6 dimethyl p-phenylene oxide) (I) fibers in the form of filament staple fibers, and hollow fibers showed high thermal and chemical stability and low shrinkage at elevated temps. Advantages of I fibers and their potential uses were briefly discussed.

Penco et al [298] have reported the semi interpenetrating networks based on linear poly (phenylene ethers) and cross linked polystyrene (I) are prepared by reactive molding of cross linkable polymeric mixtures. These materials show thermomehanical properties which strongly depend on both the ratio of the two polymeric matrixes and the degree of cross linking in I networks.

Picchioni et al [299] have reported about the blends of SBS or SEBS triblock copolymers with a mixture of PPO and PS were prepared in the melt at various temperature and investigated by DSC, TGA, DMTA and SEM.

Porter et al [300-302] have investigated the atactic PS/PPO and isotactic PS/PPO compatible blends of varied composition were subjected to solid-state coextrusion. The morphology of drawn blends was studied by electron microscopy and wide angle X-ray scattering and Tg by DSC. The intermolecular interaction leading to the compatibility of PS & PPO was identified by interaction of the model compounds of low molecular weight, cumene, styrene oligomer, 2,6-dimethyl phenol and its trimer. The interaction parameter detected by solvent induced NMR chemical shifts. While the differential orientation of polymer chains in PS/PPO blends, as a function of draw ratio measured by IR dichroism. The subsequent relaxation of the individual polymers in the compatible blends are also considered.  

Prod’homme et al [303-305] have disclosed about the infrared dichroism study of orientation and relaxation in miscible polymer blends containing a small amount of poly (2,6-dimethyl-1,4-phenylene oxide), in PS and methacrylic acid copoloymer. Polarization modulation IR linear dichroism has been used to study the Mol. Orientation and relaxation of polystyrene/PPO miscible blends, contg. up to 20% PPO, during and after a rapid uniaxial deformation above Tg .A strong relaxation coupling between the two polymers at both short and long times occurs in blend systems.Experiments were carried out on the adhesion between the film surfaces of a polystyrene poly (2,6-dimethyl-1,4-phenylene oxide) (PS-PPO) blend were carried out 13 and –230 C below the glass transition temperature of the bulk. The results of the study support the concept of decreasing glass transition temperature near the surface of polymer glasses as compared to the Tg of the bulk

Qin et al [306] have reported about the failure during end use. Proper evaluation and consideration of materials properties under practical conditions are critical for thermoplastic medical devices. Polycarbonate, ABS, acrylics, polyesters, rigid thermoplastic PV and their blend systems are investigate Varying chemical agents (such as therapeutic fluids and hospital cleaning solutions) stress cracking phenomena under different chemical environmental  studies.

Qurik et al [307] have synthesized the polystyrene-poly(alkyene terephthalate) block copolymers and their application to control phase morphology of blends of polystyrene or poly (phenylene oxide) with poly (ethylene terephthalate). The synthesis of styrene-ethylene terephthalate and styrene butylene terephthalate block copolymers is described & their application as compatibilizing agents to control the phase morphology of PBT with PS & PBTP/PPO blends investigated. However addition to 10 wt % of these block copolymers to the blends transformed their brittle characteristics to ductile behavior.

Rickle et al [308] have reported that CuCl, 1-M-diaminoanthraquinone and oxygen react to give a crystalline. electrical conducting coordination oligomer. The oligomer is believed to consist of alternating 1-4-diaminoanthraquinone units connected by mainly (m2-dioxo) copper units and is of low mol. wt. DP = 2-4. The oligomer is oxidatively and thermally stable, insoluble, and infusible but possesses interesting electronic properties. The co-ordination oligomer is effective as a catalyst for the oxidative polymerization of 2,6 dimethylphenol to poly (2,6- dimethyl phenylene oxide) of narrow mol. wt. distribution (heterogeneity index = 1.1).

Riga et al [309] have investigated that the no. of elastomers including polybutadiene and poly-styrene-co-butadiene & thermoplastics for eg. Nylon, PVC, PS, Polysulfone, poly (phenylene oxide) & polycarbonate were evaluated by modulated temperature differential scanning calorimetry (MTDSC). The compound of terpolymers can be ascertained by analyzing DCp @ Tg value (e.g. acrylonitrile butadiene styrene, ABS) & values used to differentiate different homopolymers & blends. There is a good co-relation between previously reported thermoanalytical  measurements by DSC, DTA, TMA & MTDSC.

Righetti et al [310] have reported the Tg of several blends of poly (2,6 dimethyl phenylene oxide) & PS were measured by DSC and the Tg composition data were described on the basis of a thermodynamic treatment A negative enthalpy & positive +ve entropy of mixing were found in well agreement with miscibility behavior.

Sadao et al [311] have studied the effect of compatibilizer on the mechanical properties of the polymer blend of poly(phenylene oxide) PPO/NYlon-6 (PA-6) / Polypropylene (PP) compatibilizer comprises Maleic Anhydride & Bz2 O​2 (peroxide). That blend composition improves the blend properties.

Sato et al [312] have reported the solubility of CO2 in poly (2,6-dimethyl-1, 4-phenylene oxide) (PPO) and polystyrene blended (25-50% PPO) was measured at 373.15, 427.15, 473.15 K and pressure upto 20 MPa. The solubility increases with increase the PPO content in blend system.

Schauer et al [313-315] have investigated Poly (2,6-dimethyl 1,4-phenylene oxide) membranes were prepared which had higher permeability to water and bearing negative charge, which may improve antifouling property.The polysulphone microporous membrane were prepared when the casting solution also contained a small amount of sulphonated PPO (SPPO) with a degree of sulphonation of about 20-40.The higher polysulphone the lower were the permeabilities to water and the average pore size of the membranes. While the Novel ion-exchange acid/base-blend sulphonated PPO (SPPO)/polybenzimidazole (PBI) membranes were obtained by mixing N,N dimethylacetamide (DMAc) solutions of the ammonium from the SPPO an PBI casting of the film as thin films. The membrane were subjected to preliminary test in an H2/O2 fuel cell at room temperature.For good result both components of optimum ratio must be needed for this purpose.

Schmidt [316] have reported the viscoelastic melt behavior of PPO & HIPS: 35-65 blend ratio of these polymers was characterized by measuring steady shear viscosity, primary normal stress difference and Dynamic storage & loss models as a function of shear rate or frequency and Temp.

Schneider H. A.et al [317-318] have studied the Gardon–Taylor equation, additivity and interaction in compatible polymer blends. A discussion on data of PS/PPO, styrene copolymer PPO & Polymethyl viny ether / PS blends shows the influence of the stiffer components on Tg of compatible blends. Improvement of the degree of dispersion in incompatible PS/poly (n-butyl Methacrylate) blends by graft poy (2,6-dimethyl 1,4-Phenylene oxide) on Poly (n-Butyl methacrylate) investigated by using DSC, SEM, optical microscopy & mechanical properties.

Schneider S. et al [319] have reported the illumination of solid samples of Poly (2,6-dimethyl-1,4-phenylene oxide) with near UV light in air leads to the formation of yellow and colorless product that can be eluted with methanol. And low mol. wt. product after degradation was characterized by FTIR, Absorption, fluorescence & GC-MS techniques.

Shen et al [320] have reported that poly(phenylene oxide) PPO/polyamide-66 (PA -6) blends, compatibilized by maleated polystyrene (SMA), were prepared by twin-screw extruder & injection molding. The change in blend phase morphology and crystallinity with SMA content was investigated by DSC & SEM.

Shibaev et al [321] have reported the enhanced thermal stability of poly (2,6-dimethyl-1,4-phenylene oxide) in the presence of small activities of C60 & C70 fullerenes. And blend was characterized by man spectroscopic thermal analysis & DSC.

Shultz et al [322-326] have reported about the thermo-optical and differential scanning calorimetric observation of mobility transition in PS-PPO blends. The Tg’s were measured by thermo optical analysis (TOA) and DSC on films of PS/ PPO resin and nine homogenous blends of these polymers. Tg were determined by TOA & DSC for poly-2-methyl-6-benzyl-1,4-phenylene oxide / poly-2,6-dimethyl-1,4- phenylene oxide blend, as it increased by occurring PPO content. The effect of heating rate and compatibility of the blends was studied. While the Blends of PPO with poly-p-chlorostyrene, styrene-p-chlorostyrene statistical copolymers and PS were examined by thermo-optical analysis, DSC and Dynamic viscoelastometry, detection of one or two Tg regions was used to classify the blends as homogenous (compatible) or inhomogeneous (incompatible) respectively.

Soelch et al [327] have reported the blends of 5-99% themrotropic liquid crystalline polymers and 1-95% unfunctionalized poly(phenylene oxides) optionally a compatibilizer, in which the dispersed phase domain size is relatively small. Its viscometric and mechanical properties were studied.

Stadler et al [328-332] have investigated about the low temperature modification of polymers by triazolinediones i.e. blend of poly (2,6-dimethyl 1-4 phenylene oxide) modified with 1,2,4-trazoline-3-5-diones with polystyrene by using DSC for find out the Tg. And the free volume, functional groups concentration and miscibility of the blend systems. The location of the block copolymers in the blend system and length of the elastomeric centre block of the block copolymers and the fracture behavior of the blends of PPO/SAN using (ethylene-co-butylene)-b-methyl Methacrylate) tri block copolymer as compatibilizers, that was also confirmed by DMA, TEM and mechanical properties. The compatibilization effect of the symmetric narrowly distributed block copolymer poly(styrene-block-methyl) methacrylate) in blends of high molecular weight SAN (20 wt% or 43 wt% acrylonitrite)  with poly (2,6-dimethyl-1,4-phenylene oxide)  was investigated by DMA and TEM.The total molecular weight of the block copolymers varied from 16 up 275 kg/mol. Independent of molecular weight, all block copolymer shows strong dispersing and almost some efficiency. Segmental mixing was evaluated by finding out Tg. The vibration welding was also used to assess the weldability of PBT and PC/PBT blend to each other and to other resin and  blends. PBT to PC/PBT, PBT/mPPO, PBT to polyether-imide and PEI to a 65% mineral filled polyester blend (65-PF-PEB), PBT to mPPO/PA. PBT neither welds to mPPO nor to PPO/PA and PC/PBT does not weld to PPO/PA

Stejskal et al [333] have reported the compatibility of PPO/PS blends was investigated using high resolution carbon-13 NMR spectroscopy. The spin rate diffusion of different chemical species was studied at magic angle in NMR techniques.

Strokes V.K. [334-339] has found about the fatigue strength of vibration welded thermoplastic butt joints of various polymers including modified polyphenylene oxide. The fatigue strength of welds were evaluated through tension-tension fatigue at 10 Hz. The three other blends of PPO/PS each with a different level or type of impact modifier were determined by vibration welding at 240 Hz by using different weld pressure. The weld strength of PBT, PC/PBT, mPPO, mPPO/PA-6 were determined by vibration welding is 45%, 26%, 76% and 20% respectively. The vibration welding of poly (methyl methacrylate) to itself and to PC, PBT and mPPO is assessed through 120 & 250 Hz vibration held were studied and shows highest weld strength with PBT upto 21%. The  vibration welding of poly (butylene terphthalate) and a PC/polybutylene terephthalate) blend to each other and with PBT. The weldability also assessed for PBT to PPO/PA, PC/PBT to mPPO & PC/PBT to PPO/PA based on the tensile strength of the weaker of the two materials in each pair. PBT neither welds to MPPO nor to PPO/PA and PC/PBT does not weld to PPO/PA. While stokes et al studied a hot-tool welding machine was used to study the hot-tool weldability of ABS/PC, PC/PBT, PPO/PS, PPO/PA-66 & glass filled PPO. A maximum relative strength of 38% was obtained hot tool welds of PC/ABS to PPO
Takemori et al [340-342] have studied the  stable crack growth instability, fatigue and fracture of a compatible 50/50 blend of poly (2,6-dimethyl-1,4-phenylene oxide) and PS in the light of the temperature and driving force dependence of crack propagation and fracture instability at high speeds. The role of elastomeric phase was examined and the effect of matrix composition were studied by comparison of rubber toughened (PXE/PS) blend with a rubber toughened PS system. The crack advance mechanisms in polymers rubber toughening mechanism in blends of poly (2,6 dimethyl-1, 4-phenylene oxide) and polystyrene. poly (2,6-dimethyl-1,4-phenylene oxide) or PPE is an amorphous thermoplastic resin with excellent thermal dielectric and mechanical properties. Recent development allowed low mol. wt. PPO suited for thermoset applications.

Takemura et al [343] have reported the oxidative polymerization 2,6-xylenol V oxidation of methyl groups of resulting poly (2,6-dimethyl 1,4- phenylene oxide) (PPO) in the process of oxidative polymerization of 2,6 xylenol and grafting reaction.

Takeshi et al [344-346] have investigated  that High-mol, wt. Poly (2,6 dimethyl-1, 4-phenylene oxide) (PPO) was sulfonated to different ion exchange capacity (IEC) values using chlorosulfonic acid. Sulfonation of PPO results in a linear increase of ‘d’ with the IEC value while the avg. “d” spacing in polymer remain constant. Sulfonic groups attached to the aromatic ring in the PPO backbone are not thermally stable. An increment in IEC value of SPPO results in an increase in O2/N2 and CO2/CH4 ideal selectivities and decrease in O2 & CO2 permeabilities.The thermoplastic resin compound comprising polypropylene (A) ,Polyphenylene ether (B) and copolymer (c) provided that a total wt. of the components (A) (B) and (C) is 100% wherein the copolymer (C) has a molar ratio of a structural unit derived from the -olefin. The PP, PPO, EG 8200, MA-01, Perkadox diaminododecane-1, EPC, calcium stearate, Irganox & Ultranox used to form various compositions. A negative working thermally stable & photosensitive polymer based on poly (2-hydroxy-6-methylpheno – co-2,6 dimethylphenol) (PHP-MP), (4,4-Methylene bis [2,6-bis (hydroxy-methyl)] phenol (MBHP) as a cross-linker & photoacid generator diphenyliodonium 9,10-dimethoxyanthracene-2-sulfonate (DIAS) has been developed. 

Tingerthal et al [347] have investigated the -Bis (hydroxyphenol) tetramethyl lbisphenol-A polysulphone (PSUT) made using strong & weak bases was used as a model telechelic for making triblock copolymers. Whereas PSUT & PPO were incorporated by an oxidative coupling copolymerization of PSUT with 2,6 dimethyl phenol or by redistribution of PPO with PSUT present & mechanism of block copolymerization was discussed. DSC (tg) showed that short immiscible PPO and PSUT segments in corporate into a triblock copolymer did not show phrase separation. Blends of PPO-PSUT-PPO copolymers with PPO were analyzed by DSC. Triblock copolymer blends with PSUT were miscible at all compositions.

Tomba et al [348-349] have  reported a new calculation of polymer blend compositions from Raman spectra: a new method based on parameter estimation of blend system of PS/PPO & pure components. The results used to find the composition of pure polymers in the blend systems. The diffusion of a-liq. polymer into a glassy polymer matrix has been studied in a range of temperature below the glassy matrix glass transition temp (Tg) and for different diffusion times. A simple physical diffusion model is proposed to correlate and predict diffusion rates, assuming a relatively rapid dissolution of high Tg polymer at the liq-solid interface that produce thick interphase by slow diffusion process. Local composing, local glass transition temps and local PS monomeric friction coefficients change & well predicted by developed theory. However, parallel to the results obtained by other authors about plasticizers diffusion in polymer matrix.

Tomita et al [350] have reported the sulphonated & carboxylated styrenic ionomers were investigated for their miscibility with PPO, a non-associating polymer. The nano-scale phase separation in the ionomer components presented a barrier to miscibility that was nonetheless possible. When the functionalization level or PPO level was low. Zn sulphonated PS shows the highest miscibility of all ionomers with PPO in blend systems.

Tovberg et al [351] have reported that by fluorescence spectroscopy it is possible to investigate. Some of the photophysical process. particularly energy transfer that occur during the photooxidative degradation of PS, poly (2,6 dimethyl 1,4 phenylene oxide) mPPO and homogeneous blends of these.

Van Aert et al [352] have reported the properties of star shaped poly (2,6 dimethyl-1,4-phenylene oxide) as prepared by the redistribution of poly (2,6-dimethyl-1, 4-phenylene oxide) and tyrosine – modified poly (proplene imine) dendrimers are studied in solution and in 50/50 wt. blends with linear PS. Star polymers with constant armlength but increasing number of arm show the same hydrodynamic radius as measured by size Exclusion chromatography but decreasing hydrodynamic radius as measured  by Dynamic light scattering. The viscometric & mechanical properties were studied. by Exclusion chromatography, DMTA, SEM.

Verelst et al [353] have  states the monodispersed cobalt nanoparticles were synthesized by an original method using the decomposition of the orgnometallic precursor Co (h3-C8 H13) (h4-C8 H12) under H2 in presence of a stabilizer (polyvinyl pyrrolidone or poly[oxy (2,6-dimethyl-1,4-phenylene) ] using WAXS & HREM techniques the structure of 2 particle batches (1.5 nm) & (5 nm).

Vishnupriya et al [354] have synthesized a thermally stable proton conducting polymer based on PPO was carried out using 2,6-dimethylphenol (DMP) and 2-allylphenol (A.P) as monomers. Different composition of DMP & AP were used to prepare copolymer.

Vukovic et al [355-356] have synthesized copolymers of styrene and o-(p)-methylstyrene copolymers of o- & p-methylstyrene as well as sulphonylated. Poly (2,6-dimethyl-1, 4-phenylene oxide) copolymers were described. The miscibility and phase behavior of these system is also examined miscibility behavior of sulphonylated poly (2,6-dimethyl 1,4-phenylene oxide) copolymers in the blends with poly (styrene-co-Maleic Anhydride).The miscibility behavior was analyzed by DSC.

Ou et al [357] have reported about the blends of Polyamide (PA6/Polyphenylene oxide (PPO) were prepared by in-situ polymerization in which the reactive compatibilizer SP was added based on two kinds of kinetics equation of nonisothermal crystallization proposed by Ozawa & Liu. the influence of PPO, the Cooling rte, and the compatibilizer on crystallization process of PA-6 were investigated. The blends were characterized by DSC, SEM.

Watkins et al [358-359] have  investigated  the results of  the effects of adding an impact modifier (styrene-butadiene– styrene block copolymer) and changing the level of coupling between the glassy and semi-crystalline homopolymers in blends of PPO & nylon 6,6. The morphology was studied by using SEM & TEM and correlation’s established between blend microstructure and fracture behavior. In the reactive extrusion, the grafting chemistry of maleic anhydride onto poly (2,6-dimethyl-1,4 phenylene oxide) (I) in the absence of a radical initiator is contrasted to that of efficient quinone-methide trapping agents such as maleimides .The properties of blends depend on the amount of copolymer formed during reactive extrusion. 

Wei F.et al [360—362] have investigated about the chemical modification of poly (2,6-dimethyl-1,4-phenylene oxide) with bromination, organic  phosphating, carboxylation, sulfonation, vinylation, sulfonylation, acylation, amidation, etherification and esterification at terminal groups and main chain of the polymer. This modified PPO is very useful in the production of PPO alloys in membrane industry. The compatibility of the different couples in PPO / PA-6/ethylene-1-octene copolymer (POE, Engage 8150) blends and the effects of MA (Maleic-Anhydride) grafting degree and the content of MA (Maleic Anhydride) grafted POE (POE~g~ MA) on the impact properties of PPO/PA-6 blends were studied through TEM, SEM & impact mechanical tester. Poly (2,6-dimethyl-1,4-phenylene oxide) PPO was toughened by melt extrusion through blending with the impact modifiers styrene – b-ethyene / butadiene – b-styrene triblock copolymer (SEBS) or maleic anhydride (MA) grafted SEBS (SEBS~g~MA). The morphologies, mechanical properties and rheology of these blends were studied .

Wei G. [363-364] has been studied the fracture toughness & failure mechanism in preformed poly(2,6-dimethyl-1,4-phenylene oxide) (PPO) particle-modified bismaleimide (BMI) systems are investigated. The fracture toughness significantly improved by incorporating preformed PPO particles. TEM used to reveals that crazes are formed inside the PPO particles phase and dilatation bands. Which appear to be triggered by the crazes inside the PPO particles. Morphology & Mechanical behavior of isotactic polypropylene (iPP) and Noryl (PPO) blends were studied large PPO particle sizes and wide size distribution were found in the PP/PPO blends if no compatibilizers were added. The addition of compatibilizer tremendously improved. PPO particle dispersion .and matrix adhesion in PP, which improves mechanical property. 

Wei Kuoa et al (365) have investigated the Synthesis, thermal properties, and specific interactions of high Tg increase in poly(2,6-dimethyl-1,4-phenylene oxide)-block-polystyrene copolymers by atom transfer radical polymerization. The PS content in these copolymer systems was determined by using DSC,DMA, infrared spectroscopy, thermal gravimetric analysis, and solution and solid-state NMR spectroscopy; good correlations exist between these characterization methods.

White D.M. et al. [366-370] have investigated a method determining the quantity of ungrafted poly (2,6-dimethyl-1,4-phenylene oxide) in mixtures of such Polyphenylene oxide or PPO resin, PS & grafted copolymers of PPO & PS by chromatographic analysis. The molecular wt.  limits for miscibility in 50/50 mixtures of PPO with homopolymeric derivatives of PS were determined. The derivatives ranged from poly (4-t-butylstyrene) to poly (4-bromostyrene) in cohesive energy density (CED) to find out the dependence of interaction parameter and also with critical molecular weight. The phenolic end groups were end-capped with phosphite group by reaction with 1,3,2-dioxaphospholany chloride directly in an NMR tube. .. Phosphorus – 31 NMR spectra give well-separated signals, allowing the detection and qualification of normal phenolic ends, amino phenolic ends & backbone phenolic hydroxyl groups in the polymer. Deuterium solid echo line shapes that were measured as function of temperature and also echo delay time on glassy PS and a blend of PS with PPO. A polymer blend of an ionomer based on zinc neutralized sulphonated poly (phenylene oxide) or polystyrene with a silicone copolymer  containing. 6.45% aminopropoyl groups was prepared C-13 magic angle spinning NMR indicates co-ordination of the amine with Zn. Morphological characterization was made by NMR spectroscopy based on proton spin diffusion, by small angle X-ray scattering and by energy filtered TEM..however a reported method about the determining the quantity of ungrafted poly (2,6 dimethyl 1,4 phenylene oxide) in mixtures of such Polyphenylene oxide or PPO resin, polystyrene and grafted copolymers of PPO/PS blend systems. And also studied by gel permeation chromatography.

Wilkes et al [371-376] have worked on the blends of atactic – polystyrene and poly (2,6-dimethyl 1-4 phenylene oxide) and studied the miscibility of blend system by dependence of relaxation times on log (ageing time) during annealing in the non-equilibrium glassy state are attributed to increase in the number of molecular segments, which move in concert in order to undergo a relaxation event compared to additvity of the pure components.The influence of the changing thermodynamic state on mechanical creep compliance characteristic also investigate on some blend system. PS/PPO blend samples were prepared by mixing at 2650 C and on a copolymer of styrene and acrylonitrile containing 25 mol% of acrytlonitrile (SAN) and studied by DMA. However according to both DMA and DSC relaxation times displayed on enhanced temp dependence (i.e. more fragile or more co-operative behavior) for the blends compared with additive behavior based on responses of neat PS and PPO.However the volume relaxation rates retarded as compared to additivity based upon the aging rates for pure a-PS/PPO and it can be overcome by increased cooling rates. Mechanical aging of the blend systems were determined . However they investigated the influence of blend composition on physical aging behavior was assessed for miscible blends of atactic polystyrene (a-PS) and poly(2,6-dimethyl-1,4-phenylene oxide) (PPO). At aging temperatures of 15 and 308C below the midpoint glass transition temperature (Tg), the a-PS/PPO blends exhibited volume relaxation rates that were retarded compared to additivity based upon the aging rates for pure a- PS and PPO.
Won Ho Jo et al [377-379]  have studied the PS-PMMA is polystyrene-methyl methacrylate block copolymer forms finer dispersion observed by in the blend system. Thermal analysis suggested that the added block copolymer was located at the interface of the PPO & phenoxy. The effect of styrene-Me methacrylate block copolymers on the interfacial tension between PPO/PS and PPO/(SAN) was examined by the imbedded fiber retraction method. The long chain PMMA copolymer works better than short chain PMMA by significantly decreasing the interfacial tension of the blend system. The melting behavior of syndiotactic PS (sPS) and its blend with PPO was examined by DSC and the polymorphism of sPS was investigated by X-Ray diffraction. 
Woo, et al [380-382] have studied the rare Upper critical solution temperature (UCST) behavior was found and expermental. demonstrated in blends of PPO/ poly (4-methyl styrene (P4MS), which solves the long standing argument about the miscibility & immiscibility behavior of the blend system. The above blend composition change into miscible system above the 'clarity point' which  was within the temperature range  160-3000 C. While clarity point defines as the originally immiscible phase changed into a single miscible phase but not exceed the glass transition temp. The X-ray diffraction and optical microscopy characterization were performed to evaluate the phenomenon of alteration of polymorphism of syndiotactic polystyrene (s-PS) in the presence of other blending miscible polymers: poly (2,6-dimethyl-p-phenylene oxide) PPO or atactic polystyrene (a-PS).

Wu. S.J. et al. [383-385] have  disclosed the cure behavior, miscibility and phase separation of the blend Polyphenylene oxide PPO with diglycidyl ether of bisphenol-A (DGEBA) resin and cyanate ester hardener act as a autocatalyst  while low PPO content mixing is not uniform as detected by DMA. In order to improve the uniformity and miscibility, triallyisocyanurate. TAIC is miscible in epoxy and the PPO chains are bound to TAIC network. SEM confirms that TAIC imposes the solvent resistance and miscibility of the blend system. All the materials show two-phase morphology when characterized by SEM and DMA. SEM and DMA indicate that partial mixing exists in all the blends up with high PPO content. The cure behavior is faster in epoxy/PPO rather than neat epoxy as revealed by FTIR. Such as cyanate – hydroxyl addition. and epoxy-cyanate addition. Thermal mechanical analysis showed that the thermal stability of the epoxy/PPO blends. The morphology of the fibre-rich area in the composite is different from that of the epoxy/PPO blend without Kevlar fibre. The presence of PPO content does not affect the interfacial property in the epoxy/PPO/fibre composite, while increase in PPO content increases  ductility or toughness.

Wu T .W. et al [386] have studied  the microscopic wear and friction in glassy polymers, microscrach on blends of PS/PPO. Critical load for  microcracking, stress analysis of identer contactscrach hardness, etc test have been reported . Morphological studies of microscratch of PS/PPO blend were  analyzed by SEM and contact loads..

Xia et al [387] have reported the laser induced holographic grating relaxation procedure was used to study probe diffusion of camphorquinone in a compatible blend of PS & PPO blend systems.

Xiaodong Wang et al [388] have investigated the blends of poly(2,6-dimethyl-1,4-phenylene oxide)/nylon 6 alloys based on ethylene-propylene-diene elastomer(EPDM)grafted with maleic anhydride (MA) (EPDM-g-MA), EPDM grafted with glycidyl methacrylate (EPDM-g-GMA), andstyrene-ethylene-butadiene-styrene block copolymer grafted with MA (SEBS-g-MA) were prepared via melt extrustion, and morphology, mechanical properties,DSC and rheology were studied.

Yang et al [389-391] have reported about the Polystyrene/Polyphenylene oxide (PS/PPO) blends under various pressure by means of a PVT-100 analyzer. The effect of pressure on Tg was studied. The Tg's do not obey the couchman equation based on thermodynamic theory. According to study the major reasons for deviation is caused by the neglect of DV mix. The three scaling parameters described in Sanchez-Lacombe lattice fluid theory (SLLFT), T p and r of pure PS & PPO. It is reported  that the difference between the new rule and the old one presented by Sanchez and locombe .

Yongjin Li et al [392] have investigated the poly(phenylene oxide) (PPO)/polyamide 6 (PA6) (50/50 w/w)blend nanocomposites were prepared by melt mixing of PPO,PA6, and organically modified clay. The morphology of PPO/PA6 nanocomposite with various amounts of clay has been investigated using scanning electron microscope (SEM),transmission electron microscope (TEM), and wide-angle X-ray diffraction (WAXD). For the PPO/PA6 blend without clay, PPO is dispersed in the PA6 matrix with an average particle diameter of about 4.2 mm. The domain size of the dispersed PPO phase is significantly decreased to about 1.1 mm by adding a small amount of clay (2%).

Yoshimora et al [393] have studied the rheological properties of blends of PPO/PS/SEBS triblock thermoplastic elastomer (Kraton G). It was found that the rheology of these blends was strongly influenced by the concentration of SEBS copolymer. Morphology was analyzed using SEM.

Young et al [394] have reported the miscibility of PPO/SAN having an acrylonitrile content of 25% was investigated using DSC determine Tg’s & Dynamic mechanical measurements to confirm the DSC data.

Younggon et al [395-397] have disclosed the morphology of injection – molded PPO/PA-6 blends and was investigated. A distinct skin layer, subskin layer and core region were found across the part thickness, and the morphology of the skin layer was clearly observed.This findings are key tool for understand the morphology evolution during the filling and cooling stages of the injection molding process. However the effect of injection molding conditions and reactive compatibilization on the morphology of Maleic Anhydride functionalized modified Polyphenylene oxide (MA~PPO)/PA-6 was investigated. Reactive compatibilization improves the dispersion of the minor phase. The weld-line morphology of mPPO/PA-6 blends was invstigated. However weld lines and meldlines were studies separately and their formation mechanism were found to be basically similar.

Zhao et al  [398] have reported a new compatibilizer was designed and synthesized for poly (2,6-dimethyl 1,4 phenylene oxide) PPO and a themrotropic liquid crystalline polymerization (TLCP) PEI/P-hydroxy benzoic acid block copolymer. The compatibilizer is a semi-interpenetrating network of LCP and styrene/divinylbenzene. copolymer. Which exhibits a good interfacial activities and reinforces the interface.

Zoller et al [399] a have studied about the effect of pressure–volume – Temperature on glass transition temperature (Tg) of the poly (2,6-dimethyl 1, 4 phenylene oxide) with polystyrene.

2.2
Objective and Aim of Present work

Materials composed of several components are replacing natural materials, metals and homopolymers in increasing amount. They are used as structure materials, in aerospace industries. Fabricators are willing to change from a single material to a multicomponent system if the taller is superior, more attractive, less expensive or easier to fabricate into product in order to achieve this objective the properties of homopolymers are modified by multicomponent polymer systems. However still need to do more research in multicomponent systems as their behavior is still unknown. In general the main objective for development of polymer blends is to produce better material for engineering purpose. This can be achieved by preparing blends of engineering resins with a commodity resins or polymer and blends of two engineering resins.


Because of its good mechanical properties of poly(2,6 dimethyl 1-4 phenylene oxide) usually abbreviated as PPE or PPO is widely used in commercial applications. However it also have few shortcomings such as very high processing temperature, chemical resistance less than desired and at last but not least it is economically expensive. However polypropylene (PP) has low-cost, good environmental stress cracking resistance and the most important one is good processibility. On the other hand polyamide-6 (PA-6) has compensating for the disadvantage as good processability about 210oC to 230oC, high impact strength and good solvent resistance. While the poly(carbonate bisphenol-A) has compensating for the disadvantage as good chemical resistant, High HDT,VSP and UV resistant and process about 290 o C -310 o C, high impact strength and good solvent resistance used for specific applications. These shortcomings can be overcome by reactive compatibilization with polypropylene, polyamide-6 and melt blending of polycarbonate bisphenol-A by the application of certain compatibilizers to these blend systems.  However the compatibilization of these compatibilized blend systems can be characterized by Fourier Transformed Infra Red Spectroscopy(FTIR), Scanning Electron Microscopy(SEM), Density measurements, Differential Scanning Calorimetry (DSC), Mechanical Behavior (Tensile, Flexural and Izod Impact properties), Thermogravimerty (TGA), Melt flow Index (MFI), Heat Deflection Temperature (HDT), Vicat Softening Point (VSP)temperature, Hardness and Dynamic Mechanical Analysis (DMA).methods used  to study the simultaneous change in the Chemical, Morphological, Thermal & Mechanical behavior of the blends Systems. So these compatibilized blend systems can be used for the unique applications with general one.
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CHAPTER-3

EXPERIMENTAL AND CHARACTERIZATION

EXPERIMENTAL DETAILS

The preparation of the polymer blends of Poly (2, 6 dimethyl, 1-4phenylene oxide) with Polypropylene, Poly (carbonate bisphenol-A) and Nylon. The present chapter provides a view about the use of various chemicals and materials followed by an outlay for the preparation of reactively compatibilized polymer blends of Polyphenylene oxide. Although different processing routes have been reported for the preparation of newer polymer blends but because of required experimental conditions and matchability, our main emphasis is limited only upto recent method for the preparation of reactively compatibilized polymer blends using extrusion and injection molding method. The reason for adopting only these two methods is that they offer the advantage of uniform mixing, easy to use and more pronounced and economic method in industrial viewpoint. Reactively compatibilized polymer blends were analyzed using spectoscopically analyzed by FTIR spectroscopy. Microstructure analyses of blend systems were done by using scanning electron microscopy (SEM) technique. Degradation studies were carried by thermo gravimetric analysis studies and by differential scanning calorimeter. The mechanical properties were studied for the reactively compatibilized polymer blend systems. All characterization studies of reactively compatibilized polymer blend systems were carried out in accordance with ASTM methods.

3.1      Raw Materials Used:  

 The following materials were used during the present study.

3.1.1
Poly(2,6 dimethyl,1-4 Phenylene Oxide) (mPPO) Noryl N-110 

Grade from G.E.Plastics, India. It must be noted that the modified PPO is generally speak as Polyphenylene oxide which is Poly (2,6 dimethyl,1-4 Phenylene Oxide).

· MFI (280 ºC / 3.8 kg) ─ 15.0 g / 10 min

· Processing Temperature Range 280 ºC -300 ºC 

· Density: 1.051

3.1.2 Poly(Propylene) Repol H 200MA
 Grade from Reliance Industries Ltd., Hazaria (Gujarat)

·  MFI (230 ºC / 2.16 kg) ─ 20.0 g / 10 min

· Processing Temperature Range 168 ºC -230 ºC 

· Density: 0.909

3.1.3 Nylon : Polyamide -6

· MFI (230 ºC / 2.16 kg) ─ 18.0 g / 10 min

· Processing Temperature Range 215 ºC -230 ºC 

· Density: 1.114

3.1.4 Poly(Carbonate Bisphenol-A)

· MFI (230 ºC / 2.16 kg) ─ 13.0 g / 10 min

· Processing Temperature Range 300 ºC -315 ºC 

· Density: 1.19

3.1.5 Polypropylene grafted Maleic Anhydride (PP~g~MA) OPTIM P-432 grade

 
Grade from Pluss Polymers India Ltd., with 1.7 % MA content.

· MFI (230 ºC / 2.16 kg) ─ 20.0 g / 10 min

·   Processing Temperature Range 260 ºC - 289 ºC 

3.1.6 Fumaric Acid  

· Melting Point: 287°C (closed capillary)

· Density  :  1.63
3.2 Extrusion Machine: 

The Twin Screw Extruder model and the parameters are given below, while the extruder used to prepare the blends has been displayed in Fig. 3.1(a,b) with its internal out lay of diagram.

Manufacturer:




JSW Extrusion Machine
Screw Diameter




          30mm

L/D ratio of screw




            36

Number of heating zones



               9

Screw speed maximum upto



355 rpm

Maximum usage temperature



475 oC

3.2.1
General Description of Extrusion

Extrusion is a continuous process in which an Archimedes screw, rotating within a heated barrel, melts and pumps the polymer through dies to form continuous shapes such as pipes, profiles or sheets. In addition, extrusion is the basic element in a number of other polymer processing operations. The plastication and pumping functions are performed by screw extruders in most forming operations such as calendering, film blowing, wire coating, as well as injection, or blow molding.

The main variables are geometry (i.e., one or two stages, barrier screw, etc.), screw diameter and length, usually expressed as length-to-diameter ratio, L/D. These latter two variables influence extruder throughput, polymer residence time and rate of heat transfer. Typical L/D ratios for thermoplastics are around 24 for simple operations and higher for more complex ones, where venting or mixing.  

· Compression zone

In this stage of the screw, the depth of the channel is progressively reduced. Here, both solid and liquid polymer is present. The narrowing of flow channel induces a pressure build-up and helps the melting process. The compression zone usually coincides with the 

plastication zone (the latter being defined as the region where solid and melt coexist), but the coincidence is not perfect since the boundaries of the plastication region vary with the polymeric systems and operating conditions.
· Metering zone

In this section, characterized by a constant diameter of the screw shaft, the molten polymer is mixed and progressively compressed. The flow brings the molten polymer to the pressure required for the melt to flow through the die.

In addition to these regions of the screw, the extruder includes the die zone. As the polymer flows through the die, it takes the shape of its flow channel. A certain die-head pressure is required to force the flow of polymer through the die. This pressure is provided by the action of the screw and depends on the polymer rheology and the shape of the die.

· Twin Screw Extruders (TSE)

Twin-screw extruders find niches in specific applications, particularly when extensive devolatilization, high additive loadings, and/or intensive dispersive melt mixing are important. Twin-screw machines are superior to single screw machines in these applications because they can provide [Murray, 1978; Wood, 1980]: 

· Better feeding and more positive conveying characteristics,

· Shorter residence times and narrower residence time distribution,

· Improved kinetics and interphase renewal,

· High and controlled shear rates,

· Self-wiping action,

· High level of devolatilization.

Table 3.2.1.1     Differences between single and twin screw extruders 

	
Parameter
	Twin screw
	Single screw

	Melting
	Short rapid melting
	Long melting

	Material transport
	Positive displacement
	Drag flow

	Mixing
	Excellent
	Poor



The melting process in TSE is similar but not identical to that in a SSE and follows the general stages:

i) Melt film formation engendered by friction between the polymer granules and between the granules and the barrel surface and the screw flights,

ii) Material from the melt film moves to form a melt pool, 

iii) The size of the melt pool increases while that of the solid bed gradually diminishes to zero. 

                          [image: image15.png]Figuie 34 (3)  JSW Twin Screw Extruder

Figure 3.1 (b)  Internal Diagram of an Extruder




However, melting in a twin-screw extruder is much faster because of:

i) The more complex flow pattern of the polymer pellets which leads to intensive friction not only with the extruder surfaces, but also between the pellets, And The rapid increase in pressure in the regions of the extruder subjected to backward pumping engendered by downstream presence of the reverse (so called left-handed) screw elements or kneading blocks.

3.3
Injection Molding:

The Injection molding machine model and the parameters are given below, while the internal out lay diagram of Injection molding machine used to prepare the blends specimens has been displayed in Fig. 3.2. All the compositions were injection molded (L / D = 36: 1) to produce ASTM specimens (dumbbell, rectangular) in a family mold for characterization.

Processing parameters of injection molding machine:

· Manufacturer:

JSW Injection Molding Machine JAPAN.

· Model:



JSW  J 75 E II – P

· Screw Diameter


40 mm

· Shot size:



137 gm.

· Swept Volume


151 cm3
· Screw speed range:


10-225 HT


· Injection pressure:


1570 Kg/cm2
· Clamping force:


75  tons

· Mold temperature:


40-50 ºC

· Hopper capacity


50 Kgs

· Oil temperature:


35 ºC

· Injection speed:


120 mm / min

· Cycle delay:



0.5 sec.

· Injection delay:


0.3 sec.

· Cooling time:



12 sec.

· Injection period:


5 sec.

· Hold on period:


15 sec.

· Size of Mold plates


530x530x770

· Mold thickness range


210mm -450 mm

· Heating capacity


9.2 KW

· Capacity oil tank


160 litr’s.
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Fig 3.2
 The Inlay Diagram of Injection Molding Machine
3.4
Extrusion of Polymer Blends

The whole spectrum of the different extrusion processes is used to form blends, i.e., production of profiles, sheets, tubes, wire and cable coating. The products find use in diverse industries: electrical, appliances, automotive, etc.

The die region is extremely important for forming polymer blends. The convergent flow into the die engenders strong elongation forces that, on the one hand, elongate the dispersed drops into fibers, which may disintegrate into fine droplets downstream from the die. On the other hand, the convergence induces coalescence. The net effect of these two competing influences depends very much on the nature of the blend and how well its morphology has been stabilized.

3.4.1 Preparation Of Reactively Compatibilized mPOLY(2,6 DIMETHYL 1-4 PHENYLENE OXIDE)/PP~g~MA/PP BLEND SYSTEMS
Blends of Poly(2,6 dimethyl 1-4 phenylene oxide)and Polypropylene whereas PP ranges from 10% to 30% with polypropylene grafted maleic anhydride (PP~g~MA)  as a compatibilizer were prepared by melt compounding on a JSW Twin Screw Extruder(Japan) having the ratio of screw length to the screw diameter is (L/D = 36:1), which was equipped with corotating screws. Before adding mixture of Poly(2,6 dimethyl 1-4 phenylene oxide)/PP~g~MA/PP to the hopper of the extruder the pellets were tumbler mixed for 10-15 minutes. The added mixture was  fed into the hopper of the extruder so material passing slowly through the different channels finally reached to the die zone after proper mixing. The blending was carried out at screw speed of 125 rpm and the temperature was kept 190 oC to 250 oC from feeder to die in the extruder. The molten mass of blends came out from the die zone in the form of long, hot and thick strands. These strands were cooled by passing them through running water and finally cut into small pieces in a granulator of size around 1mm. Designation and compositions of the mPPO/PP~g~MA/PP blends systems are given in Table-3.1. The granules were then molded into standard test specimen in accordance ASTM methods using JSW injection molding machine (Japan) during specimen preparation. The temperature was set unto at 200 oC to 250 oC at screw speed of 95 rpm with clamping force of 75 tons.

3.4.2 Preperation Of Reactively Compatibilized mPPO/PA-6/FA BLEND SYSTEMS 
Blends of PPO and PA-6 whereas PA-6 ranges from 10% to 30% with Fumaric acid (FA) as a compatibilizer were prepared by melt compounding on a JSW Twin Screw Extruder(Japan) having the ratio of screw length to the screw diameter is (L/D = 36:1), which was equipped with corotating screws. Before adding mixture of PPO/PA-6/PP/FA to the hopper of the extruder the pellets were dried in vacuum oven for 7-8 hrs to remove moisture after that than compatibilizer FA added to the mixture of  PPO/PA-6/PP were tumbler mixed for 10-15 minutes. The added mixture was fed into the hopper of the extruder, so the material passing slowly through the different channels finally reached to the die zone after proper mixing. The blending was carried out at screw speed of 148 rpm and the temperature was kept 160 oC   to 238 oC from feeder to die in the extruder. The molten mass of blends came out from the die zone in form of long, hot and thick strands. These strands were cooled by passing them through running water and finally cut into small pieces in a granulator of size around 1mm. Designation and compositions of the   mPPO/PA-6/FA blends systems are given in Table-3.2. The granules were then molded into standard test specimen in accordance ASTM methods using JSW injection molding machine (Japan) during specimen preparation. The temperature was set unto at 210 oC to 250 oC at screw speed of 117 rpm with clamping force of 75 tons.  
3.4.3 Preperation Of Physical Melt Blending mPPO/PC BLEND SYSTEMS

Blends of PPO and PC whereas PC ranges from 10% to 30% were prepared by melt compounding on a JSW Twin Screw Extruder (Japan) having the ratio of screw length to the screw diameter is (L/D = 36:1), which was equipped with corotating screws. Before adding mixture of PPO/PC to the hopper of the extruder the pellets were dried in vacuum oven for 7-8 hrs to remove moisture .The added mixture was fed into the hopper of the extruder, so the material passing slowly through the different channels finally reached to the die zone after proper mixing. The blending was carried out at screw speed of 66 rpm and the temperature was kept 190 oC to 280 oC from feeder to die in the extruder. The molten mass of blends came out from the die zone in form of long, hot and thick strands. These strands were cooled by passing them through running water and finally cut into small pieces in a granulator of size around 1mm. Designation and compositions of the mPPO/PC blends systems are given in Table-3.3. The granules were then molded into standard test specimen in accordance ASTM methods using JSW injection molding machine (Japan) during specimen preparation. The temp was set unto at 200 oC to 295 oC at screw speed of 58 rpm with clamping force of 75 tons. 

Table 3.4.1
Compositional details of blends of modified 
                            Poly( phenylene oxide) with polypropylene

	Blend Code
	mPoly (phenylene oxide) (wt.%)
	Polypropylene

(wt.%)
	PP~g~MA

(phr)

	V
	100
	---
	---

	D
	90
	10
	5

	E
	80
	20
	5

	F
	70
	30
	5


Table 3.4.2
Compositional details of blends of modified 
                               Poly (phenylene oxide) with polyamide-6

	Blend Code
	mPoly (phenylene oxide)

(wt.%)
	Polyamide-6

(wt.%)
	PP

(phr)
	FA

(phr)

	V
	100
	---
	---
	---

	A
	90
	10
	10
	2

	B
	80
	20
	10
	2

	C
	70
	30
	10
	2


Table 3.4.3  
Compositional details of blends of modified 
             Poly (phenylene oxide) with  Poly(carbonate bisphenol-A)

	Blend Code
	mPoly(phenylene oxide)

(wt.%)
	Poly(carbonate-

bisphenol-A)

(wt.%)

	V
	100
	---

	G
	90
	10

	H
	80
	20

	I
	70
	30


3.5
Characterization Techniques   

3.5.1
FTIR - spectroscopy:
Infra Red Spectroscopy in particularly very attractive because of the wide availability of FTIR. The absorption peaks of moieties involved in specific interactions in polymer blends shift compared to those of the parent. On the other hand if the blends are immiscible, no shift in the absorption wavelength (λ) is observed with composition changes (assuming that hydrogen bonding is the specific interaction actually involved. It gives sufficient information about the interaction in polymer blends and structure of the compound but it is quite complex in reactively compatibilized polymer blend systems. Infrared spectroscopy involves twisting, bending, rotation, stretching, and vibrational motions of atoms in a molecule because the vibrational motions of the chemically bound constituents of matter have frequencies in the IR regime. The absorption of quantized IR radiations produces a highly complex absorption spectrum; comprising the molecule and of the overall configuration of the atoms. The technique is also employed to establish the identity of two compounds or to determine the structure of a new compound and is quite useful to predict the presence of certain functional groups that absorbs at definite frequencies. The shift in the absorption position helps in predicting the factors which cause this shift and various factors like inductive effect, conjugation, angle of strain, hydrogen bonding etc. are responsible for this . It is thus a very reliable technique for disclosing the identity of the compound and the interaction at molecular level. The infrared region of the electromagnetic spectrum extends from 0.7µ to 500µm (14300cm-1 to 20 cm-1) in which molecular vibrations can be detected and measured in an IR spectrum or in a Raman spectrum as a result of dipole moment or from a combination of difference in overtones of the normal vibrations. The most important region lies from 2.5µ to 200µ in the Fourier transform infrared spectroscopy that is most used for the characterization of the different structures. The band intensity is expressed in terms of absorbance or in transmittance. The transmittance recorded is expressed as 






T = ( I / Io ) v
Where as I is the instrument response function with the sample, Io  is the response function without the sample and v is the frequency. Whereas if the sample is totally absorbing and is given by expression as:






A =  log10 (1/T)  
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The absorptivity of a substance being analyzed at the frequency v is a measured of the substance ability to absorb infrared at that frequency and translate it into molecular vibrational energy. The spectrophotometer consists of three components such as an infrared radiation source, a Michael son interferometer and a detector as shown by block diagram in below Fig.3.3

For all prepared reactively compatibilized blends, melt blending in an extruder,the infrared spectra has been recorded on NICOLET  400 D FTIR spectrophotometer model  between 400 cm-1- 4000 cm-1 at 4 resolution with each scans. IR spectra of all reactively compatibilized polymer blends powder were recorded by using KBr pellet technique. 
3.5.2
Morphological Studies:

        Scanning Electron Microscopy (SEM):
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Scanning electron microscopy (SEM) technique provides adequate information about the surface morphology, phase domains, pinholes defects and patterns and also about other topological features of blends. Scanning electron microscopy reveals the indirect information about the particle size, about the nature of cross linking between two polymers and also provides the information about the mixing pattern of the two polymers.


Scanning electron microscopy techniques, (shown in Fig. 3.4)an electron beam is focused into a fine probe which interacts with the sample in a vacuum (10-4 torr.) to create signals. These signals are highly localized to the area directly under beam and by using these signals to modulate the brightness of the cathode ray tube, scanning takes places in synchronism with the electron beam as a result of which image is formed on the screen. This image is highly magnified and usually has the look of a traditional microscopy but a much greater depth of field. The contrast in the images is a result of differences in scattering from surface areas as a result of geometrical differences. For the characterization of polymer and composites, the samples were analyzed by using JEOL 840 Scanning electron microscopy and before running the samples, a fine gold coating was given by using the Biorad fine gold coat ion sputtering-coating instrument  under the vacuum of about 10-3 torr.

The samples are brittle in nature so they were fractured at the room temperature but for polypropylene samples were immersed in liquid nitrogen for 10 minutes than after they fractured. The micrographs of Polyphenylene oxide and its blends with PP, PA-6 and PC were taken at 2700X, 2000X, 1700X respectively to study the reaction, adhesion and their behavior between the reactively compatibilized polymer blends at micro level.
3.5.3
Physico-mechanical Properties:
3.5.3.1      Tensile Properties:
(ASTM-D-638)
Principle:

Tensile test, in a broad sense, is a measurement of the ability of a material to withstand forces that tend to pull it apart and to determine to what extent material stretches before breaking. The tensile property data are more useful in preferential selection of a particular type of plastic from large from a large group of plastic materials and such data are of limited use in actual design of the product.

Apparatus:

· Universal testing machine 

· Make: LLOYDS LR 100K

· Capacity: 10 KN tension or compression

· Crosshead Speed: 0.5-500 mm / min


· Grips for mounting the specimens
· Extensometer
· Micrometer (Accuracy = 0.01mm)

 Sample:

Test minimum five samples of each above-mentioned compositions in the form of dumbbell shaped specimen (Type-I) with grip separation rate = 50 mm /min and distance between the grips = 114 ± 1 mm.

 Procedure:

· Switch on the UTM and select programme for tensile properties.

· Test samples are conditioned for minimum 24 hrs at 23 ± 2ºC before testing.
· Make two marks 1± 0.1 in. apart, on all the test specimens at the center of narrow portion of the sample.
· Measure the width and thickness to the nearest 0.001 mm.
· Enter the width and thickness.
· Place the specimen in the grip of the testing machine and tighten the grips.
· Attach the extensiometer on the marks made on the sample.

· Tare the initial load.
· Set the speed of the testing machine and start the machine.

· Record the load vs. extension curve of the specimen.

· Record the load and extension at the yield point and at the point of rupture.
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Note:

Tensile Strength at yield (TYS), Ultimate Tensile strength (UTS) are directly displayed on the screen.

3.5.3.2
Flexural Properties:  (ASTM-D-790)

Principle:

The flexural test measures the force required to bend a beam under three point loading conditions. The data is often used to select materials for parts that will support load without flexing. Flexural modulus is used as an indication of a material’s stiffness when flexed.
Apparatus:

· Universal testing machine.

· Make: LLOYDS LR 100K

· Capacity: 10 KN tension or compression

· Loading noses and supports.

· Micrometer (accurate to 0.001 mm)
[image: image94.jpg]


                                       

 Sample:

Test minimum five samples of each above-mentioned composition in the form of rectangular beam. Support span = 50 ± 2 mm and speed of testing = 1.4 mm / min.

Procedure:

· Mount the appropriate load cell on the machine depending on the type of  the material. Attach the loading nose to the load cell and supports to the  stationary crosshead. Assure parallel alignment of the loading nose and supports.

· Switch on the machine and set the instrument parameters.

· Speed of testing for PPO: 1.4mm/ min

· Select appropriate programme for flexural properties.

· Test specimens are conditioned at 23 ± 2 ºC for minimum 24 hrs   

            before testing.

· Enter the width and thickness of the sample.

· Set the support span 50 ± 2 mm for PPO.

· Center the specimen on supports.

· Start the experiment.

· Load deflection curve is displayed. Flexural yield strength, modulus  

            of elasticity directly displayed on the screen.

3.5.3.3 Notched Izod Impact Resistance:  (ASTM-D-256)
Principle:

Notched Izod Impact is a single point test that measures a material resistance to impact from a swinging pendulum. Izod Impact is defined as the kinetic energy needed to initiate fracture and continue the fracture until the specimen is broken. This test can be used as a quick and easy quality control check to determine if a material meets specific properties or to compare material for general toughness.

Apparatus:

· Izod impact tester [Make- ZWICK scientific instruments (Germany).]

· Notch cutter with micrometer screw gauge
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Vernier callipers (Accuracy-0.01 mm)

Sample:

Test minimum five samples of each above-mentioned composition. Molded specimen shall have the width and thickness 13 mm and 3.2 mm respectively. The depth of the plastic material remaining in the bar under the notch shall be 10.16  ± 0.05 mm and distance of the notch from the end should be somewhere between 31.5 to 32 mm.

Procedure:

· Select the 2.75 J energy “hammer”.

· Select the relevant range, according to the hammer installed, by means of the range selector and the range switch.

· Check manually that the hammer can swing freely between the anvil.

·   Release the hammer without specimen. Value on the display indicates the amount of energy lost due to friction, windage etc. This value must be subtracted from each sample reading.

· Position the hammer on the anvil.

· Test samples are conditioned for at least 24 hrs. at 23 ± 2 ºC before testing.

· Position the specimen and tighten it with torque wrench.

· Release the hammer.

· If the display exceeds 70% of the 2.75 J, then change to the next higher energy hammer and repeat the above steps.

· Note the breaking energy value on the digital display
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3.5.3.4
ROCKWELL HARDNESS ( R scale)  (ASTM D 785)

Hardness is the resistance of the material to deformation, particularly permanent deformation, indentation or scratching. This test method was based on the penetration of a specified indentor forced in to the material under specified condition . The hardness of each composition was measured by ASTM test method D-785 using Rockwell Hardness tester. The indenter ball with dia ¼” and spring with loaded of about 60 Kgf .  The sample was placed onto the platform of the instrument; pressure foot of the instrument was pressed on to the specimen and read the relative value in the red dial in the instrument within 1 second after reassure foot was in firm contact with the specimen. After applying the stated force to the sample.
3.5.4 Thermal Properties:

3.5.4.1 Differential Scanning Calorimeter: (DSC)

Differential Scanning Calorimeter (DSC) is the most dominant Technique for the thermal analytical investigation of polymeric materials. It measures the differences in energy inputs into a substance and a reference material as they are subjected to a controlled temperature programme because practically all-physical and chemical process involves changes in enthalpy or specific heat. The change of enthalpy is usually a linear function of the reaction co-ordinate. A DSC endothermic or exothermic peak is shown by upward and downward curves and a DSC measurement gives the rate of change of enthalpy, so that area between a DSC curve and its extrapolated baseline indicates the total heat of reaction.

DSC is sufficiently used for finding thermodynamic constants including melting point , glass transition (Tg)  and as well as the effects of preparation , molecular weight distribution and composition. But the fundamental studies include kinetic measurements in which DSC is used to obtained curve rates of resin and monomers, rate of thermal, oxidative and radiative degradation followed by physical and chemical changes occurring in polymeric systems. In DSC, the important feature is the size and geometry of sample and reference cells because  the heat flow depends on the geometry and thermal diffusivities of the sample and reference materials so that enthalpic calibration changes with specimen and temperature. The scanning enthalpic instrument used are shown as in Fig. 3.8(a,b)
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DSC makes use of two-flow detecting methods such as power compensation method and the heat flux method because the difference in the heat flow between the sample to be tested and a known standard reference material is to be measured. All the DSC samples were investigated using METTLER TOLEDO STAR ® systems (DSC 821e), precalibrated using indium and zinc whose melting temperatures are 158 ºC and 425 ºC respectively. The sample taken about  (≈ 5mg) and reference are kept in an aluminum sample holder at the same temperature through the use of an automatic compensator that senses any difference in temperature and make adjustment. The heat compensation value is recorded as a function of the thermal flow rate. The reactively compatibilized blends were scanned at rate of 5oC temperature from –40 to 250 5oC.


A constant stream of nitrogen gas (60-65 ml/minutes) was maintained around the sample chamber to minimize heat dissipation during measurements. A good specific heat data requires maximum care in reproducing instrumental conditions from base line to sample run and for calibration mark of DSC thermogram; indium is used as the best standard material. The overall thermogram can be used qualitatively as a fingerprint and it can also be a diagnostic tool to evaluate the nature of the material i.e whether it is thermoplastic, a crosslinkable thermoplastic or a thermoset. A hypothetical and well defined DSC thermogram shown in fig (3.5a,b), which represent all-important informations regarding physical and structural aspects. 

3.5.4.2
Thermal Gravimetric Analysis (TGA)

Thermal gravimetric analysis (TGA) is used to measure only reaction involving mass changes and probably the simplest of these reactions to sorption-desorption. It has been employed to measure rates of sorption amounts of volatile contaminants, monomer, plasticizer and additives etc. It is also used to study the solubilities of gases and vapours in polymer and its diffusion and permeation of these through the polymer matrices. Thermogravimetry (TGA) informs about the thermal degradation, kinetics of materials and service lifetime prediction along with the thermal breakdown as a function of time in an instrument called thermobalance. The analytical results are a plot of the mass or the percentage of original mass remaining at temperature or time. The weight losses accompanying the devolatilization and decomposition process in thermogravimetic analysis do not occurs at precisely defined transition temperatures but occurs in ranges that are highly dependent on both the physical  and chemical characteristics of the material and as well as on instrumental and environmental factors. Weight changes are measured using a highly sensitive deflection type thermobalance capable of reproducing 
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 mass changes as small as ±1.0 µg and depending on the objective of the experiment, the sample can be bathed in an inert atmosphere using nitrogen or argon or it may be statically or dynamically contacting with an oxidizing or reducing gas. Most wide application of TGA is to investigate the thermal and oxidative degradation reactions in polymeric materials. TGA describe the thermal stability of the polymer or blends of polymer.


Thermal degradation of blend systems were analyzed on Perkin-Elmer thermal Analyzer in the dynamic mode and weight loss of samples was subjected to controlled temperature program. The sample were taken in the crucible situated in the electric furnce and heated from room temperature 30ºC to 500ºC at the controlled heating rate of 10 ºC/ min in the air atmosphere. The approximate 6 to 10 mg of each sample was used for analysis. The shape of the thermogram gives the clue about the nature of decomposition.
3.5.4.3 Heat Deflection Temperature:  (ASTM-D-648)
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Heat deflection or distortion temperature is defined as the temperature at which standard test bar (5” x ½” x ¼” ) deflects 0.01 inches under a calculated load according to the dimension of the bar by below formula:

load must be applied parallel to the largest surface of the specimen in HDT. The load placing 
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station is inbuilt platform in station assembly  and its load is 124 gms  so whatever we calculate the load for HDT testing from above formulae the already inbuilt load 124 gms must be deduced from it for accuracy.

It is commonly used for quality control and for ranking materials for short term heat resistance.Heat deflection temperature was determined using the instrument
CEAST HDT/VSP TESTER, (Germany), 

Model no: 6505/111 , ceast 6510/517
The load of 264 psi and heating rate 120 ºC /hr. with a deflection of 0.01 inches measurement were done on standard test bar according to ASTM D-648 standards. The apparatus consisted of an enclosed oil bath fitted with a internal heating chamber and automatic heating controls that raised the temperature of heat transfer fluid at a uniform heating rate. The cooling system was also there for fast cooling the heat transfer medium for conducting repeated  test.


For carrying out the measurement test bars of specific dimension were kept on specimen support. The oil bath was heated at a rate of 120 ºC /hr. The temperature of the bath at which the bar deflects by 0.01 inches was recorded as a heat deflection temperature. Three readings of each sample were taken and averages are presented.
3.5.4.4
Vicat Softening Point: (ASTM-D-1525)
Fix the vicat head (blunt needle) below the load bar and placed the sample under it properly. Apply the total load of 1 Kg (for soft plastics eg. PP and PE) or 5Kg load for hard plastics(PPO,PC,etc) on load bar and allow the load bar and allow the load to act on sample for few minutes. Lower the assembly in the oil bath and set the load bar length, so that light on panel is just seen ON/ Off position. After this adjust the dial so that long hand pointer  is on zero then rotate the regulating screw of load bar in anticlockwise direction, so long hand pointer rotates bt 0 to 100 units and again come back to zero(1 revolution means 100 units ≈ 1mm. Start heating the oil bath at a rate of 50 ºC/hr and note down the temperatureat the interval of 5 min or at the instant time when pointer completes one revolution and return back to zero and the light of the respective station is on. 
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Note that load must be perpendicular to the largest surface area and the temperature just pointer returns the zero in dial read this temperature as a VSP temperature using Heat deflection temperature was determined using the instrument 
CEAST HDT/VSP TESTER, (Germany), 

Model no: 6505/111 , ceast 6510/517

3.5.5
Density (ASTM-D 792)

The relative density of the polymer is measured as the polymer sample placed on the “C” shaped balance in the air and weighted after that the polymer sample  placed in the water filled beaker on the balance and measure the weight but  it must be noted that the total of the weight sample with water and beaker is subtracted  from the pre weighted water filled beaker after that we get the weight of polymer in the water. Take the ratio of both weight and multiply the density of the water at that temperature so we get the density of the polymer sample. [image: image102.jpg]Figwre 35 UTM Machine for Tensile and Flexural Testing




3.5.6
Melt Flow Rate Or Melt Flow Index (MFI):

Principle:
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Melt flow rate measures the rate of extrusion of plastic materials passing through specific length and diameter under prescribed conditions of temperature and load. The different grades of same thermoplastic have different MFI value, which is used to characterize them. MFI gives the idea about the uniformity of the flow rate of the thermoplastic. Study the MFI is macroscopic study of the thermoplastic, which is directly related to the molecular weight of the test specimen of that plastic.

Procedure: 

· The melt index apparatus is preheated to a specified temperature.

· The material is loaded into the cylinder from top and a specified weight (3.8 Kg at 2800C) is placed on a piston.

· The material is allowed to flow through the die

· The initial extruded is discarded because of the air bubble, moisture or contaminants.

· The extrudate is weighted and melt index value is calculated in grams of extrudate in 600 seconds (10 minutes).

 It is to be noted that the moisture, improper preheat time , packing of sample in the test cylinder, and volume of sample affects the MFI values. 
3.5.7 Dynamic Mechanical Thermal Analysis (DMTA)

DMTA can render valuable information regarding interfacial adhesion and morphology in immiscible blends. While the term elasticity we mean the way in which materials change their shape through the action of external forces. The modulus of elasticity of a material is ratio of the mechanical stress to the relative deformation. In Dynamic Mechanical Thermal Analysis, DMTA, a sample is subjected to a sinusoidal mechanical deformation of frequency, f (Hz), and the corresponding forces measured conversely, the sample can be subjected to a defined force amplitude and the resulting deformation measured. However in viscous fluids on the other hand stress is proportional to the rate of strain (Newton-Law), while in DMA elastic solids are subjected to the stress as it proportional to the strain (Hooke’s-Law) shown in Fig. 3.13. In many materials the relationship between these limiting cases. These are known as Visco-elastic materials and the mechanical properties 
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Which is function of time and the frequency of measurement as well as the temperature. The modulus is the ratio between the stress and the strain for a viscoelastic material, the modulus is a complex quantity.

The potential relaxation’s mechanism shown in Fig. 3.14 associated with these [image: image105.jpg]1 23
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transitions were classified as below:

· Tg which involves co-operative motion among a large number of chain segments , including those form neighboring polymer chains.

· Local main-main chain motion which involves intramolecular rotational motion of main chain segments four to six atom in length. Possibly smaller than those associated with Tg. This is only possible molecular mechanism causing a secondary transition in polymer having no side groups. Such local-mode relaxation’s may be non-cooperative on may involve a degree of intramolecular cooperativity

· Side group motion with some cooperation of the main chain.
· Internal motion within a side group as without interference by the main- chain, this may non-cooperative relaxation. Which may involve a degree of cooperativity among segments within the side groups.

· The motion of or taking place within a small molecules or diluent dissolved in the polymers (generally a plasticizers)
 The Glass transition temperature (Tg) in amorphous and semicrystalline :

Amorphous Polymers: Major transition in amorphous polymers is  the glass transition often denoted by its highest temperature transition as Tg i.e  - Transition.

· Tg as a Transition. (other transition below Tg)

Semicrystalline Polymers: Semicrystalline polymers in the temperature range between the crystalline melting point and liquid liquid nitrogen temperature (-196 o C) at least 3 relaxation process are often found. The high temperature 
 process  is often related to crystalline fraction. While - transition is occurred in amorphous phase in the semicrystalline polymers and its is designated as Glass transition temperature (Tg)

While in both cases transition  is occurred at very low temperature generally at -150 o C.
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The DMA instrument used for the study its model  and the other parameters as below 

1. DMA Instrument Model: Metravib Viscoanalyser VA-2000 (FRANCE)

2 Heating rate used for All blends analysis: 

i. RT to -50oC at ramp of -10oC/min

ii. -50oC to -50oC Isothermal stabilization for 5 min

iii. -50o C to 230o C  at 10o C /min

3 Fequency used for analysis: 1 Hz

4 find Tg from DMA and other properties from this DMA data: the max  in tan delta curve will give u the Tg. the change in the storage modulus with temperature for different samples will give u the idea about the modulus for diff samples ( just overlay them)

5 Sample arrangement mode: Tenssion-compression mode

6 Sample dimensions: 18mm x13mm x3 mm 
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CHAPTER 4

RESULTS AND DISCUSSION

CHAPTER- 4.1

Poly(2,6 dimethyl 1-4 Phenylene Oxide )(mPPO)/PP~g~MA/PP    BLEND SYSTEMS
4.1.1
FTIR Spectroscopy:

FTIR spectrographs of the mixtures of mPPO and PP blends in various compositions are shown in (Fig-4.1.1). Noryl is a PPO/HIPS thermodynamic soluble single-phase blend system. The characteristic bands 857 cm-1 is assigned to the out of plane vibration of the 1,2,4,6- tetrasubstituted benzene of the poly(2,6 dimethyl 1-4 phenylene oxide ) whereas for polystyrene at 700 cm-1 due to the C-H out of plane bending vibration of monosubtituted pendant  phenyl ring group that have been reported in literature . The ring stretching of PPO gives the band at 1609 cm-1 (i.e. C=C aromatic) in (Fig-4.1.1). There are specific peaks at 3032.8 cm-1 (hindered), 1300 cm-1, and 1038 cm-1 for ether linkage in PPO. In (Fig-4.1.2) is the 10 wt% of i-PP (Polypropylene) in mPPO blend system is reactively compatibilized with PP~g~MA. The apparent peaks of 1167 cm-1, 997 cm-1, 973 cm-1 & 841 cm-1 are the characteristics peaks of i-PP, which is overlapped with peaks of mPPO which shows the shift due to MA polar site react with mPPO and its PP part of copolymer is miscible in PP phase in the system. Polystyrene peak at 702 cm-1 while shift has been seen in peaks of mPPO from 857 cm-1 to 863 cm-1, 1199.3 to1192.5 cm-1,
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 1038.1 to 1031.3 cm-1.2960-2850 cm-1 is a region of C-H stretching in CH3 & CH2. The prominent peaks are at 2851.5, 2918.7 &2959.0 cm-1 instead of 2858.2 cm-1 & 2925.4 cm-1 due to CH3 group of PP. The presence of peak at 1750 cm-1 indicates the carbonyl group (C=O) in the blend system, which has been reacted with mPPO in the system. It is inferred from the spectrograph of Maleic anhydride grafted polypropylene (PP~g~MA) reacted in mPPO & PP blend systems.

In (Fig-4.1.3) mPPO/PP/ (PP~g~MA) is 80/20/5 wt%.The peaks of  mPPO and PP which are already mentioned above. Peak at 1609 cm-1 shifted to 1595.5 cm-1 indicates about the  reaction of mPPO with PP~g~MA.  Stretching C-H peaks are more prominent at 2905.2 cm-1,  2844.8 cm-1     2959 cm-1 due to more  wt% proportion  of PP in PPO/PP blend systems.In (Fig-4.1.4) PPO/PP/ (PP~g~MA) is 80/30/5 wt%. The peaks of mPPO and PP, which already mentioned above. Stretching C-H peaks more prominent at 2911.9 cm-1, 2844.8 cm-1 & 2959 cm-1 due to greater proportion of PP in the blend system. It is inferred from the spectrograph that Maleic anhydride grafted polypropylene (PP~g~MA) effectively reacts in mPPO & PP blend systems.

4.1.2 Morphological Studies:

The blends form the two phases or multiphase morphology in the different zones of the extruder. Here the morphology discussed out of extruder. The micrographs of the fractured bars of mPPO/PP blends 0,10, 20, 30% obtained in secondary electrons with a magnification of 2700 are presented in.Fig-4.1.5 to 4.1.8.While the Fig. 4.1.5 shows SEM micrograph of mPPO, which having the single-phase PPO/HIPS blends and the tiny spheres, which are due to rubber particles. However at composition having 10-30wt% PP content (Fig. 4.1.6-4.1.7 and 4.1.8) PP is dispersed form of spherical droplets in the continuous matrix of mPPO and hence form the biphasic morphology with small spherical & irregular structure. The micrographs of blends at 10wt% PP content depicts small and almost spherical droplets of PP which are dispersed in the continuos mPPO matrix, which indicates that PP~g~MA copolymer effectively forms the compatibilized blend by PP phase of PP~g~MA copolymer miscible with phase of the mPPO/PP blend system., while the MA part of PP~g~MA  copolymer reacts with mPPO in the mPPO/PP blend systems and forms the softening of the features in the fractured surface that is usually associated with compatibilization and adhesion between phases as shown in (Fig-4.1.6) compared to uncompatibilized mPPO/PP blend, which shows the co-continuous structures as sited in the literature. The spherical droplets lose their shape and getting some spherical & irregular structure, which is intermediate structure of highly uncompatibilized blend systems to compatibilized blends.  Where as compatibilized structure shows good adhesion between matrix and dispersed phase that means stabilized structure as compared to uncompatibilized blend.. While the droplets of finely compatibilized 10wt% PP in mPPO/PP blend system are exist in almost spherical and small in size that are converted to non-spherical shape having greater size at higher PP wt% content in the other blend systems. This makes the different type of distribution of droplet size and shape of dispersed phase at various blend compositions. Though small, spherical droplets may also coexist at these compositions as seen in Fig 4.1.7 & 4.1.8. The increase in stress concentration at higher PP content is in total agreement with the increase in size and non-spherical shape of PP content in the mPPO/PP blend systems. The micrographs of blends having 30wt% content of PP large and elongated droplets are 
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Figure 4.1.5
 SEM  micrographs  Of mPPO/PP/PP~g~MA (100/0/0)
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Figure 4.1.6
SEM  micrographs  Of  mPPO/PP/PP~g~MA (90/10/5)
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Figure 4.1.7
     SEM  micrographs  Of  mPPO/PP/PP~g~MA (80/20/5)
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Figure  4.1.8
     SEM  micrographs  Of  mPPO/PP/PP~g~MA (70/30/5)
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Figure  4.1. 9. The Tentative reaction root of  mPPO/PP/PP~g~MA in the blend system

observed apparently formed by the coalescence of several small droplets with mPPO present in the continuous phase all through The 20 & 30 wt% PP content mPPO/PP blend systems micrographs in Fig 4.1.7 & 4.1.8 suggest that the amount of compatibilizer PP~g~MA copolymer is less than desired, Which is mainly responsible to make the coarse morphology in the mPPO/PP blend systems. The above facts inferred that PP~g~MA compatibilizer effectively works as seen in micrographs.

4.1.3 Chemistry of Compatibilization:

As from the above results it clear that during the reactive Compatibilization the copolymer acts as a reactive compatibilizer while reacts with one (or both) of the blend components in the system and behave as a phase emulsifier of the blend system. Reactive Polymer undergoes the usual chemical reaction as seen in low molecular weight materials. However in polymer Chemistry it is common assumption that there is no dependency between activity of a functional group and the size of the moiety, which it is attached. The reactions in polymers are quite complex as compared with simple organic molecules in any system. The compatibilizer formed during in situ reaction it varies with chemical structure, temperature, concentration of the reactive groups and mixing efficiency. Maleic grafted Polypropylene (PP~g~MA) acts as a compatibilizer that reacts with thermodynamic unstable and prior to thermolysis of substituted (–CH3) group, terminal -OH groups in PPO in blend system. So MA part of copolymer react with PPO and its PP part is miscible in PP phase in the blend system. So Maleic grafted Polypropylene (PP~g~MA) behaves as a good compatibilizer and and gives fine Compatibilization between mPPO/PP blend system. The tentative reaction root shown in (Fig-4.1.9).

4.1.4 Physico-mechanical Properties

It includes the study of tensile, flexural, impact strength and hardness of mPPO and mPPO/PP blend systems:

In tensile testing hard and brittle materials are characterized by high modulus and low elongation property. The trends in the tensile and flexural performance are quite similar to those shown in (Fig-4.1.10 to Fig-4.1.13) .The strength is less than the tie line. This may be due to inadequate concentration of the compatibilizer for the higher wt% of i-PP in the blend systems. The decrease in value but thereafter slowly increases as with the concentration of PP. This is because of the fact that finer domain size or highly smooth surface in the blends due to compatibilization does not guarantee the increase in mechanical property, but for it there must be some coarseness is necessary in the blend system. This conclusion also holds good relation with the SEM micrographs as the compatibilizer in the 10wt% PP blend system make the system more smooth as compared with the other blend composition, where as concentration of PP increases in the system. Notched Izod impact strengths for both the components are quite low, upon blending either with or without compatibilizer. There are no significant improvement in impact strength & modulus (Fig-4.1.14). However the Rockwell Hardness value in Table 4.2.2 shows decrement in value w.r.t PP wt% increases in the mPPO/PP blend systems.  The above reasons may be because of the inadequate concentration of the compatibilizer or 
Table 4.1.1 
     Data of Various Mechanical Properties and Thermal parameters for Different  Compositions of mPPO/PP/MAg~PP  Blend Systems.            

	Blend Code
	Tensile Strength  (MPa)
	Tensile Modulus

(MPa)
	   Impact 

  Strength

    (J/m)
	Flexural       

  Strength

   (MPa)
	Flexural modulus (MPa)
	HDT

(ºC)
	VSP

(ºC)

	V  
	41.92
	2187
	128
	70.25
	2308
	105
	122

	 D  
	29.01
	2000
	73.8
	36.64
	1743
	103
	121

	E  
	30.17
	1957
	42.5
	37.67
	1572
	100
	119

	F  
	30.43
	1892
	14.5
	42.14
	1464
	98
	119


Table 4.1.2 
Data of  ROCKWELL HARDNESS value parameters for different Blend  Composition of

mPPO/PP/MAg~PP

	S.No.
	Blend Code
	ROCKWELL HARDNESS

	1
	V
	96.5

	2
	D
	79.6

	3
	E
	80.6

	4
	F
	81.6

	5
	pp
	81
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Figure 4.1.10.  The graph of tensile strength vs PP composition in the blend system.
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Figure 4.1.11.  The graph of tensile modulus vs PP composition in the blend system.
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Figure 4.1.12.  The graph of flexural strength vs PP composition in the blend system.
                 [image: image27.wmf]0

5

10

15

20

25

30

35

40

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

PP(Wt.%)

Flexural Modulus(MPa)


Figure 4.1.13.  The graph of flexural modulus vs PP composition in the blend system.
             [image: image28.wmf]0

5

10

15

20

25

30

35

40

0

20

40

60

80

100

120

140

160

PP(wt.%) 

Izod Impact Strength(KJ/m)


Figure 4.1.14.  The graph of Impact strength vs PP composition in the blend systems
absence of rubber in the system, which is generally used by several authors to improve the mechanical behavior of the blend systems. 

4.1.5 Thermal Properties

4.1.5.1 Differential Scanning Calorimeter (DSC)

Glass transition temperature (Tg) is the main characteristic temperature of the amorphous solid on cooling through the glass transition temperature. The microscopic process involved is the freezing of large scale molecular motion without change in structure. Since the heat capacity of the glass is always lower than liquids at the same temperature and since there is no latent heat in stopping the molecular motion, the glass transition takes the appearance of a thermodynamic second order transition. The detection of single Tg whose value falls somewhere between the Tg of the component polymers is an indication of a miscible systems. Conversely a non-miscible system will show two Tg corresponding to the Tg.  of the individual components. It now accepted that single Tg does not imply miscibility at the monomer level. The Tg of a virgin polypropylene is at -10.57 ºC and of the virgin  mPPO is at 119.64ºC. In blend systems mPPO/PP/PP~g~MA: 90/10/5 shown in Fig. 4.1.16 gives the four Tg  , which are difficult to detect these Tg as they are not prominently seen in DSC thermogram. This reason is supported to the fact that in multicomponent system it is difficult to detect the Tg .While the Tg of polypropylene is at -10.57 ºC and the of mPPO is at 119.64ºC as , however the one can  find Tg  at +8.82 ºC it is due to the PP component reactively compatibilized with   mPPO in the matrix The rise in Tg  value because of PP chains were attached chemically to the mPPO main backbone chains through side methyl group on phenyl ring of mPPO in 
reaction with maleic anhydride (MA) .This makes the chain bulky and rigid  due to bonded with  rigid phenylene group in the mPPO  that restrict the chain movement of PP and thus part of PP requires more energy for co-operative movement at Tg . So the PP~g~MA makes the system compatible by MA part reacted with side methyl group of mPPO and PP part is miscible  in PP phase thus make the incompatible blends into compatible one. While other shows the Tg of  mPPO/PP/PP~g~MA: 80/20/5 gives the four Tg  as polypropylene is at -10.57ºC and the  Tg of mPPo is at 118.64ºC , however the one can find Tg at 2.11 ºC it is due to the PP component not effectively reactively compatibilized with   mPPO in the matrix as the Tg of parent polymer components moves apart  because of inadequate quantity of  PP~g~MA as shown in Fig. 4.1.17. Similarly for  mPPO/PP/PP~g~MA: 70/30/5 gives Tg  at -6.45 ºC , PP at –10.57 and 118.86 of mPPO component in the mPPO/PP blend systems.. However it is find that the PP~g~MA copolymer effectively make the reactively compatibilized the mPPO/PP blend systems as shown in Fig 4.1.18. However interesting to note that PP~g~MA copolymer effectively react with mPPO and PP in the blend system upto certain level. This is evident by the shift of Tg to the high temperature suggest that reactive interaction is there in the blend systems as compared to Tg of pure components in the blend systems. The adequate amount of PP~g~MA copolymer will make the fine blend of mPPO/PP blend system
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Figure 4.1.15 The DSC Thermogram of mPPO/PP/MA~g~PP (100/00/0)
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Figure 4.1.18 The DSC Thermogram of mPPO/PP/MA~g~PP (70/30/5)





4.1.5.2
Thermogravimetric Analysis (TGA): 

 
Thermogravimetric analysis enables us to understand the behavior of samples at elevated temperature. As it gives information about the mass losses by a rise in temperature of the samples. Degradation occurs and the mass remaining decreases as the temperature increases. The flexible phase of the blend systems is degraded first about 250-300 oC and until approximately 400 oC the rigid phase is stable. Just before the beginning of rigid phase degradation, mass losses of blends only result of flexible phase degradation. PPO degraded in range of 450-550 oC, by a mechanism that involved the formation of a stable benzyl radical through abstraction of hydrogen atom, followed by scission of the ether linkage, and then migration of the phenyl radical to methyl radical with production of 2,6 xylenol; 3,5 xylenol and range of molecules as also cited in literature. As in mPPO/PP blend systems the stability of the mPPO/PP blend systems decreases with the higher content of PP wt% in the mPPO matrix. As shown in Fig 4.1.19. This may be due to the earlier degradation of polypropylene ,which produces the free radicals ; peroxides in the mPPO matrix in the mPPO/PP blend systems. Which on account accelerate the degradation of mPPO/PP blend system as with increase in the PPwt% content  in the blend systems.

 4.1.5.3 Heat Deflection Temperature (HDT):

Heat deflection temperature is a single point measurement and does not indicate the long term heat resistance of plastic materials. The data of heat deflection temperature for different loading of polypropylene into the mPPO matrix are given in 
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Figure 4.1.19  TGA Thermogram of mPPO/PP /PP~g~MA blend Systems
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               Figure 4.1.20   VSP Behavior of mPPO/PP / PP~g~MA blend systems.
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                   Fig-4.1.21  HDT Behavior of mPPO/PP/ PP~g~MA blend systems.
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                      Fig-4.1.22   Density of the mPPO/PP/PP~g~MA blend systems
table (4.1.1) and the graphical representations showing the effect of compatibilized mPPO/PP blend systems(fig4.1.21) The data obtained and reveals a reduction in heat deflection temperature from 105ºC - 98ºC. on incorporation of reactively compatibilized PP in presence of  PP~g~MA copolymer. This may be due to the PP component in the blend systems as the HDT of  PP is quite low of about  71ºC so on incorporation of PP reduces the HDT of mPPO from 105ºC .But it is interesting to note that the blends have low HDT than virgin mPPO but must be very high than its virgin HDT value such as PP in the present systems. A thus blends have cost reduction on adding low cost PP as well as it gives good HDT values on little compromise. So the blend usage is lie between the two extreme HDT of the parent components in the PPO/PP blend systems and gives the good property. The HDT also varies smoothly with composition gives hint about the miscible blend systems and this technique is easy to predict and control.

4.1.5.4 Vicat Softening Point (VSP):

Vicat softening temperature is a single point measurement and does indicate the long term heat resistance of plastic materials upto their softening behavior. The data of vicat softening temperature for different loading of polypropylene into the mPPO matrix are given in table (4.1.1) and the graphical representations showing the effect of compatibilized mPPO/PP blend systems (fig 4.1.20) The data obtained and reveals a reduction in heat deflection temperature from 122ºC - 119ºC. on incorporation of reactively compatibilized PP in presence of PP~g~MA copolymer. This may be due to the PP component in the blend systems as the VSP of PP is quite low of about 109 ºC so on incorporation of PP reduces the VSP of mPPO from 122ºC. But it is interesting to note that the blends have low VSP than virgin mPPO but must be very high than its virgin VSP value such as PP in the present systems. A thus blends have cost reduction on adding of low cost PP simultaneously gives good VSP values on little compromise. So the blend usage is lie between the two extreme VSP of the parent component in the PPO gives the good property. 

4.1.6 Density ():

Density measurement of the polymer blend systems are known to determine the temperature at which it easily melt, as generally high density materials used high heat energy to melt in the extruder or any other day to day life usage purpose. The density parameter of the polymer blends has very interesting economic point of view, which decides the polymer cost and its usage in various sectors. However density the increase in the blends density was possibly associated with the degree of gelation, which occurred during compounding and vice-versa. It was though it gives the raw idea about the rigidity of materials as PP density is 0.909 while mPPO density is 1.051.shown in (fig. 4.1.22)

= mass(M)/ volume(V)

                  Density( ) =  (M2/ M1  )  x   Density of water 

M1      =     Mass of the sample in air

M2     =     Mass of  the sample in water

As the incorporation of PP into the PPO matrix the density values from 1.006 to 1.003 shows decrement fashion. It means the blend systems are lighter than mPPO.  
4.1.7 Melt Flow Index (MFI):

Melt flow rate or index measures the rate of extrusion of plastic materials passing through specific length and diameter under prescribed conditions of temperature and load. The different grades of same thermoplastic have different MFI value, which is used to characterize them. MFI gives the idea about the uniformity of the flow rate of the thermoplastic, which is directly related to the molecular weight of the test specimen of that plastic. As we see the MFI of virgin mPPO is 15 gms/ 10 min where as PP is 20 gms/ 10 min. The blends of mPPO with PP gives the MFI of one sample mPPO/PP/ PP~g~MA: 90/10/5 have slightly higher than mPPO is 14.72 gms/ 10 min but for other it comes closer to PP value as sample 16.08 gms/ 10 min and 16.93 gms/ 10 min for sample mPPO/PP/ PP~g~MA : 80/20/5 and mPPO/PP/ PP~g~MA : 70/30/5 respectively. Which indicates the increase in molecular weight of mPPO/PP blends due to linkage of PP~g~MA compatibilizer. This is indirect proof that the good Compatibilization is occur in blend system mPPO/PP/ PP~g~MA: 90/10/5. A heterogeneous polymer blend may show positive deviation if the interphase interaction are due largely to Compatibilization, shear grafting or partial specific interaction.
4.1.8 Dynamic Mechanical Thermal Analysis (DMTA):

Non-destructive testing methods are particularly useful for assessing the physical properties of polymeric materials when an understanding of the performance at a molecular level is important. Dynamic mechanical Thermal analysis (DMTA) or dynamic mechanical spectroscopy (DMS) is a technique sensitive to the changes in the thermal transitions that polymers undergo during heating. It also provides insight into the mechanical properties of polymers. The oscillatory stress or strain applies in a dynamic mechanical analysis and tracks the systems not the function of time but as a function of frequency. The complex Young’s modulus, E*, that consists of contributions of a storage modulus, E’, and a loss modulus E”, is measured. This complex modulus reflects the inherent viscoelastic nature of polymers, where stresses and strains will be out of phase with one another .The storage modulus corresponds to the energy stored elastically by the material upon deformation. The loss modulus, on the other hand, is a measure of energy that is dissipated as heat during deformation. The two moduli will show distinct differences in behavior as functions of temperature. While the ratio of the loss and storage moduli, a third parameter, Tan  or the loss tangent or factor is obtained. This technique is particularly useful for evaluation of viscoelastic materials such as polymers that exhibit time-, frequency-, and temperature-dependent behavior. The dynamic mechanical tests are very sensitive to transitions, morphological changes and structural changes in polymers and hence they are more useful than the other mechanical tests in describing the viscoelastic behavior of polymeric rnaterials. The DMA module is used for rapid and sensitive determinations of storage modulus (E'), glass transition temperature (Tg) and the mechanical damping factor (Tan ). While the elastic modulus gives an indication of the stiffness of the sample, the mechanical damping term gives an indication of the amount of energy dissipated by the material. The glass transition temperature gives an indication of the dimensional tolerance of the material and can be considered the most important material characteristic of a polymer since rnany mechanical properties show dramatic changes in the region of the glass transition. Young’s  modulus obtained from static and slow transient measurements. The loss modulus 
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      Figure 4.1.23  DMTA SCAN GRAPH OF mPPO/PP/PP~g~MA (100/0/0)
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  Figure 4.1.24 DMTA SCAN GRAPH OF mPPO/PP~g~MA/PP :  90/10/5


[image: image35.emf]-50 0 50 100 150 200 250

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 Tandelta

 Storagemod

Temperature

Tan 



-2.00E+008

0.00E+000

2.00E+008

4.00E+008

6.00E+008

8.00E+008

1.00E+009

1.20E+009

1.40E+009

E'  (MPa)


     Figure 4.1.25 DMTA SCAN GRAPH OF mPPO/PP~g~MA/PP :  80/20/5

[image: image36.emf]-50 0 50 100 150 200 250

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

 Tandelta

 Storagemod

Temperature

Tan 



-2.00E+008

0.00E+000

2.00E+008

4.00E+008

6.00E+008

8.00E+008

1.00E+009

1.20E+009

1.40E+009

E'  (MPa)

        Figure 4.1.26   DMTA SCAN GRAPH OF mPPO/PP~g~MA/PP :  70/30/5
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      Figure 4.1.27  DMTA SCAN GRAPH  OF mPPO/PP/PP~g~MA (0/100/0)

and loss tangent are useful 
E* = E’ + iE” where as,

E* is the complex Young’s modulus,

E’ is the storage modulus,

            E” is the loss modulus.
The highest temperature peak of Tan  is the α- Transition/relaxation peak that usually occurred at high temperature region in amorphous polymers, which is characterized as Tg   in amorphous polymers. However the modified Polyphenylene oxide (mPPO) has α- Transition peak at 148.58 oC i.e Tg as shown in Fig 4.1.23. There is no β – relaxation peak found for neat mPPO in DMA spectrograph in fig 4.1.23. While the peak of β – relaxation starts appearing as seen in fig (4.1.24-26) which suggest that the interaction occur between mPPO chains and PP chains in the mPPO/PP blend systems as Tan  peak in sample D fig (4.1.24) at 54.4 oC and 145.13 oC i.e Tg. this is due to the reason that MA portion of PP~g~MA copolymer reacts with the bi-methyl substitution on the poly(2,6 dimethyl 1-4phenylene oxide) blends, and the PP part is miscible with PP phase in the mPPO blend systems. So the increment in Tg of PP phase due to restriction of the rotation of PP chains as they covalently bonded to the mPPO backbone. However the - peak in semicrystalline polypropylene sample is characterized by amorphous phase and the Tan  value of this peak is Tg of PP sample, so the Tg of PP is 15.60 C as shown in Fig 4.1.27. While in sample E fig (4.1.25) have Tan  peak is at 48.6 oC and 148.44. oC and in sample F fig(4.1.26) shows the Tan  peak is at 21.69 oC and 148.44oC i.e Tg of both phase component that moves apart due to immiscibility or say the compatibilizer PP~g~MA copolymer is not sufficient to form the finer morphology with proper adhesion between polymer component in the mPPO/PP blend systems. This suggest that the reaction occur in the blend system and that makes the blend compatibilized and hence the Tg of the material. It is a positive sign for compatibilizing the blend systems.
     CHAPTER- 4.2

Results and Discussion

Poly(2,6 dimethyl 1-4 Phenylene Oxide ) (mPPO) / FA / PA-6 BLEND SYSTEMS

4.2.1 FTIR Spectroscopy:

The Commercial NORYL is a thermodynamic soluble single-phase homogeneous blends of PPO and of HIPS. The characteristic bands 857 cm-1 is assigned to the out of plane vibration of the  1,2,4,6- tetrasubstituted benzene of the poly(2,6 dimethyl 1-4 phenylene oxide ) whereas for polystyrene at 700 cm-1 due to the C-H out of plane bending vibration of monosubtituted pendent  phenyl ring group that have been reported in literature. Fig. (4.2.1) represents the FTIR of  PPO system  having absorption peak at 3032 cm–1 (hindered), 1609 cm–1 (c = c stretching of aromatic ring), 1300 cm–1 and 1038 cm–1 (for ether linkages). While Fig (4.2.2) shows the FTIR of blend PPO/PA-6 (10%) the absorption peaks appeared at 1649.3 cm–1 & 1615 cm–1 both for (C = O) stretching and 3294.8 cm–1 for N–H stretching (PA – 6 component) in the blends systems.  The characteristic peaks for PPO & polystyrene shift from 857 cm–1 to 763 cm–1 and from 700 cm–1 to 702 cm–1 respectively. The literature reveals that fumaric acid gets converted into maleic anhydride at. 230ºC.  The spectrum of blends PPO/PA-6 (10%)  lacks with the characteristic peak for partially formed maleic anhydride, which indicates that the reaction of maleic anhydride with polyamide takes place. The IR absorption peak at 
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1723 cm–1that have been reported by  Scott etal (30) . The IR Peaks at 1701 cm–1 and 1770 cm–1,which happens due to formation of cyclic amide on account of maleic anhydride amine reaction. It is our contention that there is different possible reaction, when PPO/PA-6 and partially formed maleic anhydride reacts by virtue of which either cyclic imide gets formed or amide linkage in the blend systems. Therefore overlapping of peaks is there and it appears at 1723 cm–1. While Fig (4.2.3) shows FTIR of blend PPO/PA-6 (20%) the characteristic peak at 1723 cm–1 gets shifted to 1716.4 cm–1 which indicates the reaction of PPO/PA-6 and partially formed maleic anhydride.However  Fig (4.2.4) represents FTIR of blend PPO/PA-6 (30%) ,where characteristic peak for PPO & PA–6 appears at 857cm–1, 702 cm–1, 1038 cm–1, 1300 cm–1, 3032 cm–1, 1609 cm–1 for PPO , while for PA-6 peaks appeared at 1649.3 cm–1, 1615 cm–1 and 3294.8 cm–1 . FTIR spectrographs indicates that FA compatibilizing the PPO/PA-6 blends systems.

4.2.2
Morphological Studies :

The blends form the two phases or multiphase morphology in the different zones of the extruder. Here the morphology discussed out of extruder. The micrographs of the fractured bars of mPPO/PA-6 blends 0,10, 20, 30% obtained in secondary electrons with a magnification of 2000 are presented in.Fig-4.2.5 to 4.2.8. In the Fig. (4.2.5) shows SEM of Noryl (Sample –V, Table-3.4.2), which appears as a single-phase system and the appearance of tiny spheres due to rubber particles in Noryl. However at composition having 10 -30 wt% 

PA-6 consisting mPPO/PA-6 blends as shown in  Fig. 4.2.6; 4.2.7 and 4.2.8. The PA-6 is dispersed form of spherical droplets in the continuous matrix of mPPO and 
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Figure 4.2.5    SEM Micrograph of PPO/PA-6/FA:100/00/00
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       Figure 4.2.6  SEM Micrograph of mPPO/PA-6/FA: 90/10/2
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                   Figure 4.2.7  SEM Micrograph of mPPO/PA-6/FA:80/20/2
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Figure 4.2.8  SEM Micrograph of mPPO/PA-6/FA:70/30/2
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Figure  4.2.9  
Conversion of  Fumaric Acid (FA) to Maleic Anhydride (MAH)
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Figure 4.2.10    Tentative Reaction Route Of FA In System with mPPO and PA-6

hence form the biphasic morphology with small spherical & irregular structure. The micrographs of blends at between the phases as compared to uncompatibilized PPO/PA-6 blends 10wt% PA-6 content depicts small and almost spherical droplets of PA-6 which are dispersed in the continuos mPPO matrix, which indicates that Fumaric acid (FA) compatibilizer effectively forms the compatibilized blend , while the FA reacts with mPPO in the mPPO/PA-6 blend systems and forms the softening of the features in the fractured surface that may be due to enhanced compatibilization and better adhesion between phases as shown in (Fig-4.2.6) compared to uncompatibilized mPPO/PA-6 blend, which shows the co-continuous structures as sited in the literature. While the droplets of finely compatibilized 10wt% PA-6 in mPPO/PA-6 blend systems are exist in almost spherical and small in size that are converted to non-spherical shape having greater size at higher PA-6 wt% content in the other blend systems. . This makes the different type of distribution of droplet size and shape of dispersed phase at various blend compositions. Though small, spherical droplets may also coexist at these compositions as seen in Fig 4.2.7 & 4.2.8. The increase in stress concentration at higher PA-6 content is in total agreement with the increase in size and non-spherical shape of PA-6 content in the mPPO/PA-6 blend systems. The micrographs of blends having 30wt% content of PA-6 large and elongated droplets are observed apparently formed by the coalescence of several small droplets with mPPO present in the continuous phase all through. The overall structure of the blends micrographs shown in fig. (7 & 8) of PPO/PA-6 (20%) and PPO/PA-6 (30%) blend systems respectively, where more elongated tappered shaped structure is seen, these samples have low concentration of compatibilizer (FA) with respect to PA-6 content .The 20 & 30 wt% PA-6 content mPPO/PA-6 blend systems micrographs in Fig 4.2.7 & 4.2.8 suggest that the amount of FA compatibilizer is less than desired, Which is mainly responsible to make the coarse morphology in the higher loading of PA-6 wt% in the mPPO/PA-6 blend systems with sharp well defined holes in fractured surfaces are also observed it may be due to  poor adhesion between two surfaces. . It is evident from the micrographs that the presence of 2 wt.% compatibilizer does not alter the compatibilization in higher PA-6 composition blend systems that one can observed by compatibilized and uncompatibilized region in both blend systems. However the compatibilized blends show PA-6 (wt:10%) content with fine phase domains and good interfacial adhesion than other uncompatibilized blend systems.

4.2.3 Chemistry of Compatibilization:

The reactive functional group of a copolymer acts as a compatibilizer, which can chemically reacts with one or more components in the blend system. The Compatibilizers emulsify the blend components through reactive bonding between the immiscible components of blend systems.  In the present study Fumaric acid (FA) emulsifies PPO/PA-6 blend system through amide linkage.  In polymer chemistry there is common assumption that reactivity of a functional groups does not depend on the size of the molecule to which it is attached while reaction in low molecular weight material is  simple as compared to reaction involves the functional groups in polymer system. The compatibilizer formed during the in-situ reaction varies with chemical structure, temperature, concentration of the reactive groups and mixing efficiency.  In the present  study  PPO and  PA-6 reacts with FA and its partially transformed  cis isomer maleic anhydride Fig(4.2.9) formed in-situ conditions. The anhydride part of the function PPO reacts with PA-6 via two schemes.  In first scheme water is produced as a by-product, when PA-6 reacts with maleic anhydride to form cyclic imide linkage. While in second scheme there is no water as by product, PA-6 reacts with maleic anhydride to form open chain structure via amide linkage shown in Fig(4.2.10). 

4.2.4 Physico-mechanical Properties:

It includes the study of tensile, flexural, impact strength and Rockwell hardness of mPPO and mPPO/PA-6 blend systems:

In tensile testing hard and brittle materials are characterized by high modulus and low elongation property. The effect of compatibilizer on the tensile strength, tensile modulus and flexural strength, flexural modulus of the blends systems is very noticeable. Fig(4.2.11 to 4.2.14).  it may be due to low partially formed MAH from Fumaric acid during reaction with PA-6.  It seems that concentration of MAH remain insufficient to compatibilize the higher wt.% of PA-6 in blend systems.  Now same as PPO/PA-6 (10%) blend component shows good gloss with mechanical properties as compared to other blends composition. It was also confirmed by SEM micrographs, which shows PA-6 unreacted with PPO in 20% and 30%  PPO/PA-6 blend systems.  While in PPO/PA-6 (10%) shows good compatibilization and  smooth surfaces as compared to other blend systems under present study. There is no significant improvement in impact strength to compatibilization fig(4.2.15). However the Rockwell Hardness value in Table 4.2.1 shows decrement in value w.r.t PA-6 wt% increases in the mPPO/PA-6 blend systems. The compatibilizer usually causes negative effect on mechanical properties. As there is micro level change in the dispersed and matrix phases that chemically reacts with each other in  presence of compatibilizer , this 
Table 4.2.1 
Data of Various Mechanical Properties and Thermal parameters for Different  Compositions of mPPO/FA/PA-6  Blend Systems.
	Blend Code
	Tensile Strength  (MPa)
	Tensile Modulus

(MPa)
	   Impact 

  Strength

    (J/m)
	Flexural       

  Strength

   (MPa)
	Flexural modulus (MPa)
	HDT

oC
	VSP

oC

	V
	41. 92
	2187
	128
	70. 25
	2308
	105
	122

	A
	27..99
	2014
	59. 27
	38. 62
	1987
	105
	120

	B
	23. 22
	1849
	28. 5
	29. 81
	2054
	100
	118

	C
	17..91
	1717
	58.0
	25.47
	1680
	96
	118


Table 4.2.2
 Data of  ROCKWELL HARDNESS value parameters for Different                               
                     Blend  Composition of   mPPO/FA/PA-6

	      S.No.
	Blend Code
	ROCKWELL HARDNESS

	1
	V

	96.5

	2
	A

	84.6

	3
	B
	83.7

	4
	C
	82.3

	5
	PA-6
	77.6
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Figure 4.2.11 Tensile Strength of PPO/PA-6/FA blend systems
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Figure 4.2.12 Tensile Modulus of PPO/PA-6/FA blend systems
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Figure 4.2.13 Flexural Strength of PPO/PA-6/FA blend systems
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Figure 4.2.14 Flexural Modulus of PPO/PA-6/FA blend systems
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Figure 4.2.15  Izod Impact Strength of PPO/PA-6/FA blend systems

one can call it emulsifying the system, which unable to produce macro level change alone the same was observed by mechanical testing. For this reason several polymer technologists have incorporated rubber after compatibilization in the system to get improved mechanical properties. It reveals that the importance and technological use of rubber in polymer blend system to improve the mechanical properties even after blending the polymer at microlevel. 

4.2.5 Thermal Properties:

4.2.5.1  Differential Scanning Calorimetry (DSC)

Glass transition temperature (Tg) is the main characteristic temperature of the amorphous solid on cooling through the glass transition temperature. The microscopic process involved is the freezing of large scale molecular motion without change in structure. Since the heat capacity of the glass is always lower than liquids at the same temperature and since there is no latent heat in stopping the molecular motion, the glass transition takes the appearance of a thermodynamic second order transition. The detection of single Tg whose value falls somewhere between the Tg of the component polymers is an indication of a miscible systems. Conversely a non miscible system will show two Tg corresponding to the Tg.  of the individual components. It is now accepted that single Tg does not imply miscibility at the monomer level. In the blend systems mPPO/PA-6/FA: 90/10/2 gives the four Tg  , which are difficult to detect these Tg as they are not prominently seen in DSC thermogram. This reason is supported to the fact that in multicomponent system it is difficult to detect the Tg .While the Tg of polyamide is at 48ºC  and the of mPPO is at 118.64ºC , however the one can  find Tg  at  59.44ºC and 116.76ºC it is due to the 
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PA-6 component reactively compatibilized with   mPPO in the matrix with the help of Fumaric acid as a compatibilizer. The rise in Tg  value because of PA-6 chains were attached chemically to the mPPO main backbone chains through side methyl or hydroxyl group on phenyl ring of mPPO reaction with FA .This makes the chain bulky and rigid  due to bonded with  rigid phenylene group in the mPPO  that restrict the chain movement of PA-6 .And thus part of PA-6 requires more energy for co-operative movement at new Tg . While other show the Tg of  mPPO/PA-6/FA: 80/20/2 gives the four Tg  as PA-6 is at  57.37ºC and the  Tg of mPPO is at 118.09ºC , however the one can find Tg at 98.30 ºC it is due to the PA-6 component not reactively compatibilized with mPPO in the matrix as the Tg of parent polymer component moves apart  because of inadequate quantity of  FA. Similarly for  mPPO/PA-6/FA: 70/30/2 gives Tg  at 55.43 ºC of PA-6 component while abruptly Tg of mPPO comes near at 96.54. It is very difficult to detect the transitions in multi-component systems as the transitions are very weak. The adequate amount of FA with proper extrusion condition will make the fine blend of mPPO/PA-6 blend system. It is found that the FA compatibilizer makes  the  reactively compatibilized the mPPO/PA-6 blend systems upto certain level.. However  interesting to note  that FA effectively react with mPPO and PA-6 in the blend system upto certain level . This is evident by the shift of Tg  to the high temperature suggest that reactive interaction is there in the blend system. 
4.2.5.2
Thermogravimetric Analysis (TGA): 

 
Thermogravimetric analysis enables us to understand the behavior of samples at elevated temperature. As it gives information about the mass losses by a rise in temperature of the samples. Degradation occurs and the mass remaining decreases as the temperature increases. The flexible phase of the blend systems is degraded first about 265-315 oC and until approximately 400 oC the rigid phase is stable. Just before the beginning of rigid phase degradation, mass losses of blends only result of flexible phase degradation. PPO degraded in range of 450-550 oC, by a mechanism that involved the formation of a stable benzyl radical through abstraction of hydrogen atom, followed by scission of the ether linkage, and then migration of the phenyl radical to methyl radical with production of 2,6 xylenol; 3,5 xylenol and range of molecules as also cited in literature. As in mPPO/PA-6 blend systems the stability of the mPPO/PA-6 blend systems decreases with the higher content of PA-6 wt% in the mPPO matrix. As shown in Fig 4.2..20. This may be due to the earlier degradation of polyamide-6 (PA-6) ,which produces the carbon dioxide, water, ammonia, hexamethyleneimine, ,n-hexylamine, n-heptylamine, methyl amine about half of nitrogen (N) liberated as ammonia in the mPPO matrix in the mPPO/PA-6 blend systems. The degradation in absence of air is though to be related to homolytic cleavage of the C-N bond with the formation of the double bond and an amide or a nitrile groups. Which on account accelerate the degradation of mPPO/PA-6 blend system as with increase in the PA-6  10wt% content  in the blend systems.
 4.2.5.3
Heat Deflection Temperature (HDT):

Heat deflection temperature is a single point measurement and does not indicate the long term heat resistance of plastic materials. The data of heat deflection temperature for different loading of polyamide (PA-6) into the mPPO matrix are given in (Table-3.4.2) and the graphical representations showing the effect of compatibilized mPPO/PA-6 blend systems shown in fig4.2.21. The data 
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Figure 4.2.20   TGA Thermogram of mPPO/FA/PA-6 Blend Systems
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Figure  4.2.21.      HDT behavior of PPO/PA-6/FA blend systems
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Figure 4.2.22       VSP behavior of PPO/PA-6/FA blend systems
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Figure 4.2.23     Density behavior of PPO/PA-6/FA blend systems
obtained and reveals a reduction in heat deflection temperature from 105ºC to 96ºC. On incorporation of reactively compatibilized PA-6 in presence of  FA as a compatibilizer. This may be due to the PA-6 component in the blend systems as the HDT of  PA-6 is quite low of about  67ºC so on incorporation of PA-6 reduces the HDT of mPPO from 105ºC .But it is interesting to note that the blends have low HDT than virgin mPPO but must be very high than its virgin HDT value such as PA-6 in the present systems. A thus blends have cost reduction on adding low cost PA-6 as well as gives good HDT values on little compromise. So the blends usage temperature is lie between the  two extreme HDT of the parent component in the PPO gives the good property. The HDT also varies smoothly with composition gives hint about the miscible blend systems and this technique is easy to predict and control.
4.2.5.4
Vicat Softening Point (VSP):

Vicat softening temperature is a single point measurement and does indicate the long term heat resistance of plastic materials upto their softening behavior. The data of vicat softening temperature for different loading of polyamide (PA-6) into the mPPO matrix are given in (Table-3.4.2) and the graphical representations showing the effect of compatibilized mPPO/PA-6  blend systems(fig 4.2.22) The data obtained and reveals a reduction in heat deflection temperature from 122ºC to 118ºC. On incorporation of reactively compatibilized PA-6 in presence of  FA compatibilizer. This may be due to the PA-6 component in the blend systems as the VSP of  PA-6 is  low of about  118 ºC so on incorporation of PA-6 reduces the VSP of mPPO from 122ºC . But it is interesting to note that the blends have low VSP than virgin mPPO but must be very high than its virgin VSP value such as PA-6 in the present systems. In this way blends have cost reduction on adding low cost PA-6 as well as it gives good VSP values on little compromise. 
4.2.6
Density ()

Density measurement of the polymer blend systems are known to determine the temperature at which it easily melt, as generally high density materials used high heat energy to melt in the extruder or any other day to day life usage purpose. The density parameter of the polymer blends has very interesting economic point of view, which decides the polymer cost and its usage in various sectors. However density the increase in the blends density was possibly associated with the degree of gelation, which occurred during compounding and vice-versa The in density gives the idea about the rigidity of materials as PA-6 density is 1.114 while mPPO density is 1.051.

 =   mass(M)/ volume(V)

                  Density  ()=     (M2/ M1  )  x   Density of water 

M1      =     Mass in air

M2     =     Mass in water

The density of the blend systems increases with the addition of  PA-6 into the PPO blend systems from 1.025 to 1.0.40 as shown in Fig 4.2.23
4.2.7

Melt flow Index (MFI):

Melt flow index measures the rate of extrusion of plastic materials passing through specific length and diameter under prescribed conditions of temperature and load. The different grades of same thermoplastic have different MFI value, which is used to characterize them. MFI gives the idea about the uniformity of the flow rate of the thermoplastic. which is directly related to the molecular weight of the test specimen of that plastic. As we see the MFI of virgin mPPO is 15 gms/10 min where as PA-6 is 18 gms/10 min. The blends of  mPPO with PA-6 gives the MFI  of one sample mPPO/PA-6/ FA: : 90/10/2 have slightly higher than mPPO is 14.88 gms/ cm2 but for other it comes closer to PA-6 value as sample 16.38 gms/10 min and 17.06 gms/10 min for sample of mPPO /PA-6/ FA 80/20/2 and mPPO/PA-6/ FA : 70/30/2 respectively. This indicates the increase in molecular weight of mPPO/PA-6 blends due to linkage because of action of FA compatibilizer. This is indirect proof that the good Compatibilization is occur in mPPO/PA-6/ FA: : 90/10/2 blend system. A heterogeneous polymer blend may show positive deviation if the interphase interaction are due largely to compatibilization, shear grafting or partial specific interaction.
4.2.8
 Dynamic Mechanical Thermal Analysis (DMTA):
Non-destructive testing methods are particularly useful for assessing the physical properties of polymeric materials when an understanding of the performance at a molecular level is important Dynamic mechanical Thermal analysis (DMTA) or dynamic mechanical spectroscopy (DMS) is a technique sensitive to the changes in the thermal transitions that polymers undergo during heating. It also provides insight into the mechanical properties of polymers. The oscillatory stress or strain applies in a dynamic mechanical analysis and tracks the systems not the function of time but as a function of frequency. The complex Young’s modulus, E*, that consists of contributions of a storage modulus, E’, and a loss modulus E”, is measured. This complex modulus reflects the inherent viscoelastic nature of polymers, where stresses and strains will be out of phase with one another .The storage modulus corresponds to the energy stored elastically by the material upon deformation. The loss modulus, on the other hand, is a measure of energy that is dissipated as heat during deformation. The two moduli will show distinct differences in behavior as functions of temperature. While the ratio of the loss and storage moduli, a third parameter, Tan  or the loss tangent or factor is obtained. This technique is particularly useful for evaluation of viscoelastic materials such as polymers that exhibit time-, frequency-, and temperature-dependent behavior. The dynamic mechanical tests are very sensitive to transitions, morphological changes and structural changes in polymers and hence they are more useful than the other mechanical tests in describing the viscoelastic behavior of polymeric materials. The DMTA module is used for rapid and sensitive determinations of storage modulus (E'), glass transition temperature (Tg) and the mechanical damping factor (Tan ). While the elastic modulus gives an indication of the stiffness of the sample, the mechanical damping term gives an indication of the amount of energy dissipated by the material. The glass transition temperature gives an indication of the dimensional tolerance of the material and can be considered the most important material characteristic of a polymer since many mechanical properties show dramatic changes in the region of the glass transition. Young’s modulus obtained from static and slow transient measurements. The loss modulus and loss tangent are useful
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                           Figure 4.2.24       DMTA SCAN GRAPH OF mPPO/PA-6/FA: 100/0/0
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    Figure 4.2.25     DMTA SCAN GRAPH OF mPPO/PA-6/FA : 90/10/2
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             Figure 4.2.26      DMTA SCAN GRAPH OF mPPO/PA-6/FA : 80/20/2
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                           Figure 4.2.27     DMTA SCAN GRAPH OF mPPO/PA-6/FA : 70/30/2
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                           Figure 4.2.28       DMTA SCAN GRAPH OF mPPO/PA-6/FA (0/100/2)

E* = E’ + iE” where as,

E* is the complex Young’s modulus,

E’ is the storage modulus,

E” is the loss modulus.

.
The highest temperature peak of Tan  is the α- Transition/relaxation peak that usually occurred at high temperature region in amorphous polymers, which is characterized as Tg   in amorphous polymers. However the modified Polyphenylene oxide (mPPO) has α- Transition peak at 148.58 oC i.e Tg as shown in Fig 4.1.24. There is no β – relaxation peak found for neat mPPO in DMTA spectrograph in fig 4.1.24. While the peak of β – relaxation starts appearing as seen in fig (4.1.25-27) which suggest that the interaction occur between mPPO chains and PA-6 chains in the mPPO/PA-6 blend systems as Tan peak in sample A fig (4.1.25) at 30.04 oC and 144.5 oC i.e Tg. this is due to the reason that FA compatibilizer reacts with the bi-methyl substitution or hydroxyl end groups in the poly(2,6 dimethyl 1-4phenylene oxide) blends. So the change in Tg of PA-6 phase due covalently bonded to the mPPO backbone, however moisture present in reacted melt due to chemical reaction decreases the chain stiffness and that makes the Tg value of PA-6 fraction decreases. However the α- peak in polyamide (PA-6) sample is characterized by the Tan  value that is Tg of PA-6 sample, so the Tg of PA-6 is 38.60 C as shown in Fig 4.1.27. While in sample B fig (4.1.25) have Tan  peak is at 46.20 oC and 146.04 oC that means it may be due to the FA compatibilizer less than desired and is not able to competently react with increasing wt% of PA-6 in mPPO/PA-6 blend systems. However in sample C fig(4.1.26) shows the Tan   peak is at 48.00 oC and 148.44oC i.e Tg of both phase component that moves near to the Tg of their virgin parent polymer component due to immiscibility or say the compatibilizer FA is not sufficient forms the finer morphology with proper adhesion between polymer component in the mPPO/PA-6 blend systems. The above morphological discussion suggested that the positive reaction occur in the blend system and that makes the blend compatibilized with shift in  the Tg of the material. It is inferred that FA gives the positive sign for compatibilizing the mPPO/PA-6 blend systems.

CHAPTER- 4.3

RESULTS AND DISCUSSION

Poly(2,6 dimethyl 1-4 Phenylene Oxide ) (mPPO) / BPA-PC BLEND SYSTEMS

4.3.1
FTIR Spectroscopy:

 FTIR spectrographs of the mixtures of  mPPO and BPA-PC  blends in various compositions are shown in Fig-4.3.1 to 4.3.4..While the Noryl is a PPO/HIPS thermodynamic soluble single-phase blend system. The characteristic bands of C-H bending of  in Polyphenylene oxide   is at 857 cm-1 whereas C-H bending of pendant aromatic ring for polystyrene at 700 cm-1  these peaks clearly characterizes the PPO/HIPS blend systems. The ring stretching of PPO gives the band at 1609 cm-1 (i.e. C=C aromatic) in Fig-4.3.1. There are specific peaks at 3032.8 cm-1 (hindered), 1300 cm-1, and 1038 cm-1 for ether linkage in PPO. In Fig-4.3.2 Shows the FTIR spectra of mPPO/BPA-PC: 90/ 10 of BPA-PC (Polycarbonate) as dispersed phase in mPPO blend systems Carbonyl (C=O) peak of polycarbonate in FTIR spectra appears at 1776 cm-1 ,while the (C-O) bond stretching at 1192 cm-1 .The 1199.3 cm- 1 peak  in  Fig-4.3.1 mPPO/BPA-PC: 100/00 is sharper and steep, whereas in  Fig-4.3.2  mPPO/BPA-PC: 90/10  spectra  shows the same 1199.3 cm- 1  peak bifurcated into two peaks one is short and other one is long. While in Fig-4.3.3 FTIR spectra of mPPO/BPA-PC: 80/20 and Fig-4.3.4 FTIR spectra of mPPO/BPA-PC: 70/ 30 shows the carbonyl (C=O) peak at 1776.9 cm- 1  which was intensified as compared to the same peak 
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FTIR spectrograph of mPPO /BPA-PC : 90/10
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Figure4.3.4 FTIR Spectrograph of mPPO/BPA-PC: 70/30





      in Fig-4.3.2  mPPO/BPA-PC: 90/ 10 .While the peak at 1199 cm- 1  & 1167 cm- 1  become trifurcated in the FTIR spectra of mPPO/BPA-PC: 70/ 30 in Fig-4.3.4 .This shifting  of peaks and change in shape of peaks in the spectrographs  inferred that there must be some interaction between mPPO and BPA-PC in the blend systems. 

4.3.2
Morphological Studies:
The blends form the two phases or multiphase morphology in the different zones of the extruder. Here the morphology discussed out of extruder. The micrographs of the fractured bars of mPPO/BPA-PC  blends 0,10, 20, 30% obtained in secondary electrons with a magnification of 2700 are presented in.Fig-4.3.5 to 4.3.8. However in Fig-4.3.5 shows the SEM micrograph of PPO, which having the single-phase PPO/HIPS blends and the tiny spheres that are due to rubber particles that are shown by arrow in Fig-4.3.5. However at composition having 10-30wt% BPA-PC content (Fig. 4.3.6; 4.3.7 and 4.1.8) BPA-PC is dispersed form of spherical droplets in the continuous matrix of mPPO and hence form the biphasic morphology with small spherical structures. The extent of dispersion of one polymer within the matrix of other generally results in particles with average diameter of about  2 µm and upward . The spherical droplets lose their shape and getting some almost spherical and elongated bamboo like structures. The porosity of the blend systems decreased as the concentration of BPA-PC increases in the system. However BPA-PC micro-droplets of average diameter ranging from 2-4 µm for 10%, 20%, 30% embedded in the mPPO matrix same as glass beads embedded in the polymer matrix that increases the rigidity of the blends and hence leads to 
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Figure 4.3.5
SEM  micrographs  Of  mPPO/BPA-PC (100/0)
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Figure 4.3.6 
SEM  micrographs  Of  mPPO/BPA-PC (90/10)
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         Figure 4.3.7
SEM  micrographs  Of  mPPO/BPA-PC (80/20)
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Figure 4.3.8      SEM  micrographs  Of  mPPO/BPA-PC (70/30)

the brittle failure of the blend systems. While the BPA-PC microdroplets are uniformly distributed in the mPPO matrix, which shows there is some compatibility between the two polymers in the blend systems. In the  PS/PC blend systems the PC is compatible upto 15% with Polystyrene (PS), however observing the SEM it seems that the BPA-PC is compatible almost upto 20% in the mPPO matrix as due to π-π bond interaction between HIPS/BPA-PC and there also interaction may be due to mPPO/BPA-PC in the mPPO matrix with BPA-PC. Because this supportive interaction of PPO/BPA-PC with PS/PC makes the BPA-PC (wt 20% ) compatible with mPPO in the blend systems. 

4.3.3
Physico-mechanical Properties :
It includes the study of tensile, flexural, impact strength and Rockwell hardness of mPPO and mPPO/BPA-PC blend systems:

The trends in the tensile and flexural performance are quite similar to those shown in Fig-4.3.9 to Fig-4.3.12 .The tensile and flexural strength shows an increment in their values with the increase in BPA-PC content in the blend systems. This may be due to rigidity effect of BPA-PC micro-droplets with the higher wt% of BPA-PC in the mPPO matrix blend systems.. This is because of the fact that uniform domain size, decrease in the porosity and increase in the rigidness due to increase the concentration of micro-droplets of BPA-PC  in the mPPO matrix which results with  the increase in mechanical properties. This introduces some coarseness which is necessary in the blend systems. The  SEM micrographs of mPPO/BPA-PC blend systems supports this test. While on  other 

Table-4.3.1  
Data of Various Mechanical Properties and Thermal parameters for Different 

               
       Compositions of mPPO/BPA-PC Blend Systems.
	Blend Code
	Tensile Strength  (MPa)
	Tensile Modulus

(MPa)
	   Impact 

  Strength

    (J/m)
	Flexural       

  Strength

   (MPa)
	Flexural modulus (MPa)
	HDT

(ºC)
	VSP

(ºC)

	V
	41. 92
	2187
	128
	70. 25
	2308
	105
	122

	G
	42. 58
	2190
	44. 65
	69. 85
	1652
	109
	125

	H
	44. 60
	2206
	31. 77
	71. 73
	1774
	112
	128

	I
	48. 28
	2251
	26. 0
	75. 30
	1793
	115
	130


Table-4.3.2 
  Data of  ROCKWELL HARDNESS value parameters for different Blend  Composition of mPPO/BPA-PC

	S.No.
	Blend Code
	ROCKWELL HARDNESS

	1
	V
	96.5

	2
	G
	96.6

	3
	H
	97.0

	4
	I
	98.8

	5
	BPA-PC
	109.0
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Figure 4.3.9
 Tensile Strength of mPPO/BPA-PC blend systems
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Figure 4.3.10  Tensile Modulus of  mPPO/BPA-PC blend systems
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Figure 4.3.11  
Flexural Strength of  mPPO/BPA-PC blend               
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Figure 4.3.12     Flexural Modulus of  mPPO/BPA-PC blend systems
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Figure 4.3.13 
Notched Izod Impact Strength of mPPO/BPA-PC blend systems
hand Notched Izod Impact strengths for the blend systems decreases . Fig –4.3.13 shows no significant improvement in the impact strength which may be attributed due to the absence of toughening effect of rubber in the blend systems. However the Rockwell  Hardness value in Table 4.3.1 shows increment in value w.r.t BPA-PC wt% increases in the mPPO/BPA-PC blend systems.
4.3.4
Thermal Properties:
4.3.4.1 Differential Scanning Calorimetry (DSC):

Glass transition temperature (Tg) is the main characteristic temperature of the amorphous solid on cooling through the glass transition temperature. The microscopic process involved is the freezing of large scale molecular motion without change in structure. Since the heat capacity of the glass is always lower than liquids at the same temperature and since there is no latent heat in stopping the molecular motion, the glass transition takes the appearance of a thermodynamic second order transition. The detection of single Tg whose value falls somewhere between the Tg of the component polymers is an indication of a miscible systems. Conversely a non miscible system will show two Tg corresponding to the Tg.  of the individual components. It now accepted that single Tg does not imply miscibility at the monomer level. As in blend systems mPPO/PC: 90/10 gives the two Tg  , which are difficult to detect these Tg as they are not prominently seen in DSC thermogram. This reason is supported to the fact that in multicomponent system it is difficult to detect the Tg  of the minor component .While the Tg of polycarbonate PC is at 137ºC ,  and the of mPPO is at 118.64ºC , however the one can  find the Tg  of mPPO/BPA-PC : 90/10  at 100.75 ºC  and 124.74ºC  due to the interaction between the PS and mPPO with PC component .As PC phenyl group form the pie bond with  PS and the  mPPO 
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Figure 4.3.15 The DSC Thermogram of mPPO/BPA-PC (90/10)
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Figure 4.3.16 The DSC Thermogram of mPPO/BPA-PC (80/20)
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main backbone chains through side methyl. The  hydroxyl group on phenyl ring of mPPO also interat with PC .This pie-pie  bond interaction makes the chain bulky and rigid  because of  pie-bonded with  rigid phenylene group of mPPO and phenyl group of PS in the mPPO  makes chain  restrict and thus its movement. While the Tg of mPPO/BPA-PC : 80/20  at 105.31 ºC  and 133.17 ºC, however mPPO/BPA-PC : 70/30  at 108.77 ºC  and 145.32 ºC.

As it is also evident by reported paper that PC and PS are compatible upto 15% however in present blend system it is upto 20% after it PC segregates in the mPPO blend system. in Thus the interaction directly affects the  Tg  and hence we got he shifted Tg of PC and mPPO in the blend systems.

4.3.4.2  Thermogravimetric Analysis (TGA): 

 
Thermogravimetric analysis enables us to understand the behavior of samples at elevated temperature. As it gives information about the mass losses by a rise in temperature of the samples. Degradation occurs and the mass remaining decreases as the temperature increases. The flexible phase of the blend systems is degraded first about 375-475oC and until approximately 400 oC the rigid phase is stable. Just before the beginning of rigid phase degradation, mass losses of blends only result of flexible phase degradation. PPO degraded in range of 450-550 oC, by a mechanism that involved the formation of a stable benzyl radical through abstraction of hydrogen atom, followed by scission of the ether linkage, and then migration of the phenyl radical to methyl radical with production of 2,6 xylenol; 3,5 xylenol and range of molecules as also cited in literature. As in mPPO/BPA-PC blend systems the stability of the mPPO/BPA-PC blend systems increases with the higher content of BPA-PC wt% in the mPPO matrix as shown in Fig 4.1.18. This may be due to the degradation of BPA-PC at appreciably higher temperature approx. (450-500 oC) than that of mPPO and act as a heat absorber in the mPPO/BPA-PC blend systems.So the degradation temperature of mPPO/BPA-PC blend systems rises with the increment of incorporation of BPA-PC in the blends systems.

 4.3.4.3  Heat Deflection Temperature (HDT):

Heat deflection temperature is a single point measurement and does not indicate the long term heat resistance of plastic materials. The data of heat deflection temperature for different loading of polyamide (PC) into the mPPO matrix are given in (Table-3.4.3) and the graphical representations showing the effect of compatibilized mPPO/PC blend systems(fig4.3.19) The data obtained and reveals a increment in the heat deflection temperature from 105ºC – 115 ºC. on incorporation of  PC in the mPPO blend system. This may be due to the PC component in the blend systems as the HDT of  PC is quite high of about  130ºC so on incorporation of PC increases the HDT of mPPO from 105ºC to 115ºC .But it is interesting to note that the blends having the magnificent  HDT than virgin mPPO with good HDT of about 115ºC. This is because when we apply heat to the system, the excess heat is absorbed by PC phase in the system and hence finally increases the HDT of the overall blend system.. The blend usage is lie between the  two extreme HDT of the parent component in the PPO and PC with the  good property of HDT.
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Figure 4.3.18  TGA Thermogram  of  mPPO/BPA-PC blend systems
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Figure 4.3.19    HDT behavior of mPPO/BPA-PC blend system
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Figure 4.3.20    VSP behavior of mPPO/BPA-PC blend system
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Figure 4.3.21      Density behavior of mPPO/PC blend systems

4.3.4.3  Vicat Softening Point (VSP):

Vicat softening temperature is a single point measurement and does indicate the long term heat resistance of plastic materials upto their softening behavior. The data of vicat softening temperature for different loading of polycarbonate bisphenol-A (PC) into the mPPO matrix are given in (Table3.4.3) and the graphical representations showing the effect of compatibilized mPPO/PC  blend systems(fig. 4.3.20) The data obtained and reveals a increment of heat deflection temperature from 122ºC - 130ºC. on incorporation of high VSP of the PC component.. This is because when we apply heat to the system, the excess heat is absorbed by PC phase in the system and hence finally increases the VSP of the overall blend system. Thus the blend usage is lie between the two extreme VSP of the parent component  mPPO and BPA-PC gives the good property in blend systems. 

4.3.5
Density () :

Density measurement of the polymer blend systems are known to determine the temperature at which it easily melt, as generally high density materials used high heat energy to melt in the extruder or any other day to day life usage purpose. The density parameter of the polymer blends has very interesting economic point of view, which decides the polymer cost and its usage in various sectors. However density the increase in the blends density was possibly associated with the degree of gelation, which occurred during compounding and vice-versa.The density gives the idea about the rigidity of materials as PC density is 1.19 while mPPO density is 1.051 as shown in fig. 4.3.21

                       =   mass (M)/ volume(V)

                  Density () =     (M2/ M1) x   Density of water 

M1      =     Mass in air

M2     =     Mass in water

4.3.6
Melt Flow Index (MFI):

Melt flow rate or index measures the rate of extrusion of plastic materials passing through specific length and diameter under prescribed conditions of temperature and load. The different grades of same thermoplastic have different MFI value, which is used to characterize them. MFI gives the idea about the uniformity of the flow rate of the thermoplastic. which is directly related to the molecular weight of the test specimen of that plastic. As we see the MFI of virgin mPPO is 15 gms/10 min where as PC is gms/10 min. The blends of  mPPO with PC  gives the MFI  of one sample mPPO/PC: : 90/10 have slightly higher than mPPO is 14.68 gms/10 min but for other it comes closer to mPC value as sample PPO/PC: 80/20 and PPO/PC 70/30 is 14.32 gms/10 min and 13.85 gms/10 min of samples respectively. This indicates the increase in pie-bond interaction of mPPO/PC. This is indirect proof that the good Compatibility is occur in mPPO/PC: : 90/10  blend system. A heterogeneous polymer blend may show positive deviation if the interphase interaction are due largely to partial specific interaction., Compatibilization, shear grafting or partial specific interaction.
4.3.7 Dynamic Mechanical Thermal Analysis (DMTA):

Non-destructive testing methods are particularly useful for assessing the physical properties of polymeric materials when an understanding of the performance at a molecular level is important. Dynamic mechanical Thermal analysis (DMTA) or dynamic mechanical spectroscopy (DMS) is a technique sensitive to the changes in the thermal transitions that polymers undergo during heating. It also provides insight into the mechanical properties of polymers. The oscillatory stress or strain applies in a dynamic mechanical analysis and tracks the systems not the function of time but as a function of frequency. The complex Young’s modulus, E*, that consists of contributions of a storage modulus, E’, and a loss modulus E”, is measured. This complex modulus reflects the inherent viscoelastic nature of polymers, where stresses and strains will be out of phase with one another .The storage modulus corresponds to the energy stored elastically by the material upon deformation. The loss modulus, on the other hand, is a measure of energy that is dissipated as heat during deformation. The two moduli will show distinct differences in behavior as functions of temperature. While the ratio  or the loss tangent(of the loss and storage moduli, a third parameter, Tan Δ or factor is obtained. This technique is particularly useful for evaluation of viscoelastic materials such as polymers that exhibit time-, frequency-, and temperature-dependent behavior. The dynamic mechanical tests are very sensitive to transitions, morphological changes and structural changes in polymers and hence they are more useful than the other mechanical tests in describing the viscoelastic behavior of polymeric rnaterials. The DMTA module is used for rapid and sensitive determinations of storage modulus (E'), glass transition temperature (Tg) and the mechanical damping factor (Tan ). While the elastic modulus gives an indication of the stiffness of the sample, the mechanical damping term gives an indication of the amount of energy dissipated by the material. The glass transition temperature gives an indication of the dimensional tolerance of the material and can be considered the most important material characteristic of a polymer since rnany mechanical properties show dramatic changes in the region of the glass transition. Young’s modulus obtained from static and slow transient measurements. The loss modulus and loss tangent are useful

E* = E’ + iE” where as,

E* is the complex Young’s modulus,

E’ is the storage modulus,
 E” is the loss modulus.

The highest temperature peak of Tan  is the α- Transition/relaxation peak that usually occurred at high temperature region in amorphous polymers, which is characterized as Tg   in amorphous polymers. However the modified Polyphenylene oxide (mPPO) has α- Transition peak at 148.58 oC i.e Tg as shown in Fig 4.1.22. There is no β – relaxation peak found for neat mPPO in DMTA spectrograph in fig 4.1.22. While the peak of  β – relaxation starts appearing as seen in fig.4.3.23 to 4.3.25, which suggest that the interaction occur between mPPO chains and BPA-PC chains in the mPPO/BPA-PC blend systems as Tan  peak appear at 146.85 oC i.e Tg. The β – relaxation is sensitive to the concentration of BPA-PC loaded to the mPPO matrix.. While the Tan  peak in mPPO/BPA-PC : 80/20 blends systems at 152.39 oC and for mPPO/BPA-PC :70/30 at 154.04 oC i.e Tg of these blend systems. The above Tan  peak value indicates that sample G (mPPO/BPA-PC : 90/10) there is interaction in the  PS/PC blend systems as the PC is compatible upto 15% with Polystyrene (PS), however observing the SEM it seems that the BPA-PC is compatible almost upto 20% in the mPPO matrix as due to π-π bond interaction between HIPS/BPA-PC and there also the interaction may be due to mPPO/BPA-PC in the mPPO matrix with BPA-PC. Because this supportive interaction of PPO/BPA-PC with PS/PC makes the BPA-PC (wt 20% ) compatible with mPPO in the blend systems.
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                           Figure 4.3.22           DMTA SCAN GRAPH OF mPPO/BPA-PC (100/0)
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Figure 4.3.23  DMTA SCAN OF mPPO/BPA-PC (90/10)
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Figure 4.3.24   DMTA SCAN OF mPPO/BPA-PC (80/20)
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                       Figure 4.3.25   DMTA SCAN OF mPPO/BPA-PC (70/30)

[image: image134.emf]Density of PPO/PC Blends

1.045

1.05

1.055

1.06

1.065

1.07

1.075

1.08

1.085

0 5 10 15 20 25 30 35

Wt.% of PC

g/cm3



CHAPTER-5
   SUMMARY AND CONCLUSION

The plastics industry is one of the most demanding and fastest growing sector in almost all sphere as they acquire the major contribution in our daily life. Plastics find wide range of applications in the household, commercial, agricultural and industrial sectors. Plastics require minimum maintenance and give better performance. The technical developments in plastic processing and engineering have increased use of plastics in healthcare, telecommunications and electronics. Plastics because of their unique, versatility and wide ranging properties have been widely accepted as an extremely economically viable material. 


Blending of polymers has been the subject of intense research activity in academics and industrial laboratories. This versatile subject attract the attention and motivate scientists and technologist their enormous interest in this subject, we can mention as:

1. The short time between the development and the commercial production.

2. Blended polymers are at lower cost as compared to new polymer development.

3. It gives the possibility and viability of tailoring the products according to customer’s specification.

4. Recycling industrial and /or municipal plastic scrape.

Reactive extrusion is most recent and interesting blending method among other methods that offers newer way to produce the compatible blends. As this method seems an attractive one, which may merit development for the production of polymer blends in near future. However reactive extrusion is a complex method for synthesizing the compatible polymer blends. The reactive extrusion differs from other compatibilization routes as in this the blend components themselves are either chosen or modified, so that they react during processing in the extruder. Chiefly the compatibilization in this type of route (reactive extrusion) is due to reaction between functional groups of the chosen polymer for4 the blend system, and hence they compatibilized during melt condition. 



Poly (2,6 dimethyl 1-4 phenylene oxide) is termed as modified Polyphenylene Oxide (m PPO)  as also named as PPE sale under trade name as Noryl by G.E.Plastics. Ltd.

The mPPO is an engineering thermoplastic and has good property as:

1. High glass transition temperature.

2. Good dimensional stability.

3.  High heat distortion temperature.

4. Low water absorption etc…

However it also has few shortcomings as:

1. Difficult to process.

2. Chemical resistance less than desired.

3. Last but not least it’s Economically Costly.

The above reasons drive various scientist and technologist interest in this subject.
The historical review of PPO blends

Blending of two or more polymers offers an interesting route to modify the properties of thermoplastics. It is relatively a cost-effective way to produce new materials with desired property combination. This is to improve the properties of commodity of thermoplastics or to lower the cost of engineering high performance polymers. A number of blends of Polyphenylene oxide (PPO) and is crystalline polymers have been developed which combine the high heat deflection temperature property of PPO with good solvent resistance and easy process behavior of various crystalline resins. PP has low-cost, good environmental stress cracking resistance and most important one is good processibility. Any composition of PPO & PP blends immiscible in the absence of a compatibilizer, such blends lack interfacial adhesion and generally suffer from poor mechanical properties. Compatibilization of these polymers using functionalized polyolefin’s leading to finer dispersion and improved interfacial adhesion. As in other blends of immiscible polymers these materials require the addition of a copolymer in order to give the commercial attractive mechanical properties. Previous studies of polystyrene and polyethylene and PPO/ Polystyrene /HDPE blends have shown that poly(styrene-b-hydrogenetedbutadiene) i.e PS-PHB copolymers are effective additives in improving interfacial adhesion and in reducing dispersed phase particle size. Various commercial diblock (styrene-ethylene, propylene) and triblock (styrene-ethylene,butylene-styrene),kraton resins etc. act as a compatibilizer for PPO/LLDPE or HDPE system. Functional monomer/ copolymer acts as a bridge between the immiscible polymers in blends to make them miscible, while the reactive compatibilization is very limited for enhancement of interfacial properties.

As for mPPO is difficult to process because of high melt viscosity process temperature around 290 o C -300 o C and the impact, chemical resistance are also less than desired. On the other hand POLYAMIDE-6 or say (NYLON-6 ) has compensating for the disadvantage as good processibility about 210 o C -230 o C , high impact strength and good solvent resistance.The blend of PPO/PA-6 gives excellent complementary properties. This blend is antagonistically immiscible, proper compatibilization  required for better physico-mechanical properties.The literature survey reveals that plethora of  papers have been reported on using functional olefinic compounds as a compatibilizer, which reduce the interfacial tension between the immiscible polymer components in the blend systems and hence make them miscible. Lawson et.al have reported the compatibilization of PPO/PA-6 Blend components by PPO-g-PA-6 copolymer. Fleisher et.al. and Campbell et.al. have published their findings on the improvement in the ductility of MA (Maleic Anhydride) functionalized PPO/PA blends by the presence of SEBS rubber A number of working groups  have reported satisfactory compatibilization for PPO/PA-6 using copolymers like PA/SAA (Strene Acrylic Acid) and PA-6/SMA (Styrene Maleic Anhydride) etc. Ghidoni et.al. have observed better impact properties in compatibilized PPO/PA/Rubber system by the addition of (N-methyl 4-nitro-phthalimide).Kelnar etal repots about the effect of functionalized polystyrene for compatibilization of the PPO/PA-6 blend systems.The reactive compatibilization has not gained much momentum in blending probably due to its complex route to blend preparation and high cost of their production.


Physically compatibilized blending is the mechanical mixing of two polymers under the melt condition in an extruder in an absence of a compatibilizer. The study on multicomponent blend systems is now a day’s new challenging field emerging in interest of polymer research. Multicomponent blends have large range of   morphology, which directly affects the whole set of properties. It is observed that phases are formed without any well ordered organization.In the cases of blends of PPO/PE   and PC/PS. As H.S. Ichao et.al has been published the findings that extrusion can also gives same results of grafting as have obtained by solution method.

Chapter-3


Experimental 

3.1

Preparation of blend systems:

 3.2 
Characterization Techniques:

3.1

Preparation of blend systems:

     3.1.1 
Preperation of Poly (2,6 dimethyl 1-4 phenylene 

      oxide)(mPPO)/PP  Blend Systems :

1. Prior to mixing PPO,PP,PP~g~MA was dried for at least 8-9 hrs in an vacuum oven.

Blending the components in JSW Twin Screw Extruder and extrude at 250 o C and screw speed was 125 rpm.

2. Then the granulated blends were injection molded into test specimens at  250 o C  and screw speed was 95 rpm in JSW Injection Molding Machine with clamping force of 75 tons.
       3.1.2   Preperation of Poly(2,6 dimethyl 1-4phenylene                     oxide) (mPPO) /PA-6   Blend Systems:     
1.
Prior to mixing PPO,PA-6,PPwas dried for at least 8-9 hrs in an vacuum oven.Just before blending the components in JSW Twin Screw Extruder FA was mixed with each systems and extrude at 238o C and screw speed was 148 rpm.

2.
Then the granulated blends were injection molded into test specimens by using JSW Injection Molding Machine temperature at  250o C  and screw speed was 117 rpm.
3.1.3 Preperation of Poly(2,6 dimethyl 1-4phenylene oxide) (mPPO) /BPA--PC Blend Systems:
1. Prior to mixing PPO,BPA-PC was dried for at least 8-9 hrs in an vacuum oven.Just before blending the components in JSW Twin Screw Extruder FA was mixed with each systems and extrude at 280 ˚C and screw speed was 66 rpm.

2. Then the granulated blend samples  were injection molded into test specimens by using JSW Injection Molding Machine temperature at  295 ˚C and screw speed was 58 rpm.
3.2 Characterization Techniques Used :

3.2.1    FTIR Spectroscopy.

3.2.2    Morphological Studies: Scanning Electron Microscopy                                                 (SEM).
3.2.3    Physico-Mechanical Studies:

3.2.3.1 Tensile Studies

3.2.3.2  Flexural Studies
3.2.3.3 Notched Izod Impact Strength    

                             Studies.

3.2.3.4 ROCKWELL HARDNESS studies

3.2.3.5 Density Studies

3.2.4  Thermal Studies:

3.2.4.1 DSC Studies

3.2.4.2 TGA Studies

3.2.4.3 HDT Studies

3.2.4.4 VSP Studies

3.2.4.5 MFI Studies

3.2.4.6 DMA studies

Chapter-4
Results and Discussion

The major outcomes of the reactive and melt blending of polymer blends of Poly(2,6 dimethyl 1-4 phenylene oxide)(mPPO) with Polypropylene,Polyamide-6 and Poly(Carbonate Bisphenol-A) blend systems.

Chapter-4.1
Poly(2,6 dimethyl 1-4 phenylene oxide)(mPPO)/PP Blend Systems

1. The FTIR analysis indicated the existence of specific interactions in the blend PP~g~MA/mPPO(PPO/HIPS). Those specific interactions may cause the shift of     characteristic absorption peak.

2. The compatibilizer PP-g-MA influenced the morphology of the mPPO/PP  blends. The particle size of  PP phase was decreased and give finest one  morphology of the polymer blend sample code “ D ” of PPO/PP~g~MA/PP :  90/5/10 using 5 wt.% compatibilizer  and .better among other polymer blend systems..

3. The physico-mechanical properties of the polymer blends depend on the component polymer ratios and the compatibilizer content. The presence of compatibilizer in blend systems has not shown much difference in mechanical properties thereby suggesting proper amount of compatibilizer needed for the blend systems containing higher PP content. However the  blend sample code “ D ” of PPO/PP~g~MA/PP :  90/5/10 give good mechanical properties.

4. DSC suggest that the parent polymer components of mPPO/ PP~g~MA/PP blend systems are reactively compatibilized and having the Tg  of there original one and also the shifted Tg   to higher temperature due to  reactively compatibilized fraction of  the mPPO/ PP~g~MA/PP  blend systems. The Tg comes closer suggest that there is positive outcome of reactive blending occur in the system. However the DSC thermogram shows that the shift in Tg inferred that the miscibility in blend code “D” of composition of mPPO/ PP~g~MA/PP : 90/5/10 blend systems shows  is good shift in  Tg .

5. HDT ,VSP , Density and Rockwell hardness shows that the property of mPPO/ PP~g~MA/PP blend systems lies in-between that of the parent polymer components. In all above stated testing  blend code “D” of composition of mPPO/ PP~g~MA/PP : 90/5/10 blend systems shows  is good shift in thermal properties as compared to  virgin PP.

6. MFI  of the polymer blend systems decrease and than increases as due to fact that in blend code “ D” of composition mPPO/ PP~g~MA/PP : 90/5/10 ratio makes the chain bulky  reactive compatibilization and hence the MFI decrease this suggest that  the reaction occur during reactive extrusion with positive sign.

7. The PP~g~MA (5phr.)compatibilizer works best in mPPO/ PP~g~MA/PP : 90/5/10 blend systems  of code “D”.

8. DMA studies inferred that the parent polymers components are reactively compatibilized in the polymer blend systems and having the Tg  of there original one and also the shifted Tg   to higher temperature of the reactively compatibilized fraction of  the blend systems. Which is due to reaction occurs between the mPPO/ PP~g~MA/PP  blend systems. . The Tg comes closer suggest that there is positive outcome of reactive blending occur in the blend code of “ D ” mPPO/ PP~g~MA/PP : 90/5/10 blend systems.

Chapter-4.2


Poly(2,6 dimethyl 1-4 phenylene oxide)(mPPO)/PA-6 Blend Systems
1. The shift of  peaks in FTIR  spectrographs suggest that there is positively chemical reaction occurs between the mPPO/PA-6 blend systems during extrusion. 

2. The softening features in the SEM micrographs shown that the reactive compatibilization plays key role in the making of mPPO/PA-6 blend .The SEM micrograph inferred that that  miscibility in the polymer blend sample code “A ” mPPO/FA/PA-6 : 90/2/10 blend systems is better  one as compared to the other blend systems.

3. The physico-mechanical properties of the polymer blends depend on the component polymer ratios and the compatibilizer content. The presence of compatibilizer in blend systems has not shown much difference in mechanical properties thereby suggesting proper amount of compatibilizer needed for the blend systems containing higher PA-6 content. However blend code of sample “A” mPPO/FA/PA-6 : 90/2/10 give good mechanical properties it indicates the compatibilization occurs in the systems is good.
4. DSC suggest that the parent polymer components of mPPO/FA/PA-6 blend systems are reactively compatibilized and having the Tg  of there original one and also the shifted Tg   to higher temperature due to  reactively compatibilized fraction of  the mPPO/FA/PA-6 blend systems. The Tg comes closer suggest that there is positive outcome of reactive blending occur in the system. However the DSC thermogram shows that the shift in Tg inferred that the miscibility in the blend code “A” of mPPO/FA/PA-6 : 90/2/10 blend system is good.

5. HDT ,VSP, Density and Rockwell Hardness values shows that the property of mPPO/PA-6 blend systems lies in-between that of the parent polymer components but it is better than virgin PA-6 component alone.Same as blend code “A” of mPPO/FA/PA-6 : 90/2/10 blend system is good and give best property as compared to PA-6 virgin component.

6. MFI  of the polymer blend systems decrease and than increases as due to fact that in PPO/FA/PA-6 makes the chain bulky and hence the MFI decrease this suggest that  the reaction occur during reactive extrusion with positive sign.

7. The FA (2 phr.) compatibilizer works best in mPPO/FA/PA-6 : 90/2/10 blend systems.

8. DMA studies inferred that the parent polymers components are reactively compatibilized in the polymer blend systems and having the Tg  of there original one and also the shifted Tg   to higher temperature of the reactively compatibilized fraction of  the blend systems. Which is due to reaction occurs between the mPPO/FA/PA-6  blend systems. . The Tg comes closer suggest that there is positive outcome of reactive blending occur in the blend code “A” of mPPO/FA/PA-6 : 90/2/10 blend system.

Chapter-4.3

Poly(2,6 dimethyl 1-4 phenylene oxide)(mPPO)/BPA-PC Blend Systems
1. FTIR analysis inferred about  the existence of some specific interactions between the blend components in the blends of PPO/BPA-PC. Those specific interactions may be responsible for the shift of   the characteristic absorption peaks in the blend systems.
2. The PC microdroplets influenced the phase morphology of the PPO/BPA-PC   blend systems. The microdroplets of  the PC phase was  decreased  the porosity of the mPPO matrix that  give good partial miscibility  is seen in  the morphology of the polymer blend upto  PPO/BPA-PC : 80/20 of code “H” composition among other polymer blend systems .This may be due to PS/BPA-PC  π-π bond interaction and also supportive π-π bond interaction between PPO/BPA-PC in the  mPPO/BPA-PC blend systems. 
3. The polymer blends of  PPO/BPA-PC were prepared at melting  conditions on JSW Twin Screw Extruder. The physico-mechanical properties of the polymer blends depended on the component polymer ratios content in the blend systems. The presence of  PC microdroplets in the blend systems has shown much positive difference in mechanical properties as maximum seen in sample code “I” of mPPO/BPA-PC : 70/30 except the impact strength thereby suggesting that rubber incorporation must be required for the further improvement in the properties of PPO/BPA-PC physical compatibilized blend systems.

4. DSC thermograph suggest that the parent polymer components of mPPO/BPA-PC blend systems are forming the  compatible polymer blends. Which is characterized by  the shifting of Tg  from the  original one due to π-π bond  interaction between the mPPO and PC blenld systems.

5. HDT ,VSP, Density and Rockwell Hardness values shows that the mPPO/PC blend system of code sample “I” of composition mPPO/BPA-PC : 70/30  shows higher value than that of  the virgin mPPO  as it lies in-between property of the parent polymer component gives the better property than mPPO alone.

6. MFI  of the PPO/BPA-PC  polymer blend systems decrease due to fact that in BPA-PC component in the blend systems makes thermal motions restrict due to steric hinderance in between the mPPO and BPA-PC chains and hence the MFI decrease this suggest that  the good interaction occurs during physical compatibilization  during extrusion.

7. DMA studies inferred that the parent polymers components are physically compatibilized in the polymer blend systems and having the shifted Tg   to the lower  temperature due to interaction between mPPO/BPA-PC  blend systems. This proves that there is positive outcome of physical compatibilization of blends occurs in the  sample code “G” mPPO/ BPA-PC : 90/10  blend systems

Table (5.1) : Special Applications Classification by PPO blends Compositions

	PPO BLENDS
	APPLICATIONS

	PPE/Styrenics
	Usually 25-65 Wt% PPE. Good Processability,Heat Resistance,HDT+90-1500C,Toughness Good Dimensional Stability, Resistance To Hot Water, Flame Retardance, Low Density, Cost/Performance Ratio, Low Moisture Absorption Applications

	PPE/PA
	Mainly In Automobiles-Exterior Body Panels, Material Handling Systems, Exterior Hardware, Also For Office And Hospitals Furniture, Housing Etc. Flame Retarded Grades Are Used In Electrical Equipment, For Molding Plug-&- Socket Connectors And Other Parts.

	PPO/PPS
	Electric connectors, High Voltage Applications,Automobiles parts application 

	PPO/Epoxy
	Low Dielectric constant useful for Electric And Electronic Application.  Chips, PCB’s, High Voltage Applications 

	PPE/PBT+PC+ Impact Modifier
	Excellent Processability, High Solvent And Interior Body Parts, Fluid Handling Systems, Pallets Connectors, Lawn  etc.


CONCLUSION
Poly(2,6 dimethyl 1-4 phenylene oxide)(mPPO)/PP Blend Systems:

1.  The Reactive Extrusion gives the  positive sign that it work finely is an unique and effective way for the compatibilization and preparation of mPPO/PP blend systems  . 

2.  From morphological, FTIR, DSC, DMA ,HDT,VSP and MFI results it is concluded that sample code “D”  of composition mPPO/PP : 90/10 ratio of system works best and give fine properties.

3.  PP~g~MA copolymer acts as a reactive Compatibilizer that works best upto 5phr in sample code “D” of composition mPPO/ PP~g~MA / PP  : 90/5/10  blend system.

Poly(2,6 dimethyl 1-4 phenylene oxide)(mPPO)/PA-6 Blend  Systems:

1.  The Reactive Extrusion gives the  positive sign that it work finely is an unique and effective way for the compatibilization and preparation of mPPO/PA-6 blend systems  . 

2.   From morphological, FTIR, DSC, DMA ,HDT,VSP and MFI results it is concluded that sample code “A”  of composition mPPO/PA-6 : 90/10 ratio of system works best and give fine properties.

3.   FA  acts as a reactive Compatibilizer that works best upto 2phr in sample code “A”  of composition mPPO/ FA / PA-6  : 90/2/10  blend system.

Poly(2,6 dimethyl 1-4 phenylene oxide)(mPPO)/BPA-PC Blend
Systems:

1. The melt Extrusion is a effective method for the physical compatibilization and preparation of mPPO/BPA-PC blend systems.

2. From morphological, FTIR, DSC, DMA ,HDT,VSP and MFI results it is 

concluded that the sample code “ I ”  of composition mPPO/ BPA-PC  : 70/30  blend     ratio of  blend system works best.

3. The mPPO/BPA-PC : 70/30 blend system  have good mechanical and   

       Heat property among other blend systems.
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Suggestion for the future work

From the literature survey and foregoing discussion of various properties it has been concluded that reactive and melt blending  of  polypropylene, polyamide-6 and bisphenol-A polycarbonate  with modified poly(2,6 dimethyl 1,4 phenylene oxide) is a suitable method of  improving  the uncompatibilized blend to the compatibilized one with fine adhesion morphology as characterized by FTIR, DSC and DMA. The drawback of modified poly(2,6 dimethyl 1,4 phenylene oxide) as very high processing temperature, chemical resistance less than desired and last but not least it is economically costly as compared to other commercial polymers. However these blends can be offering on good compromise to give fine results. As these blends can  be easily molded at relatively  lower temperature than mPPO processing temperature for applications such as automobiles and appliances parts.  

· Further work on these blends can be carried out using several other compositional ratios of (mPPO/PP);(mPPO/PA-6) and (mPPO/BPA-PC) and the properties of these reactively compatibilized blend systems with the existing one.

·  The various ratio of the used compatibilizer can be studied to get more fine results.
· Rubber / inorganic fillers  may also extend the studies and the effect of properties and the performance of the blends can be undertaken.
· The effects of  different modes of mixing and flow fields on the compatibilization process.
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