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ABSTRACT 

Blending of polymers is rather a new technique to get a material with tailored properties. 

However, these properties depend upon various factors like polymers used and their 

miscibility, the composition of the material, temperature etc. Further, the techniques 

available for testing of miscibility are not really reliable and face a huge critic.  

Therefore, the main purpose of this research work was to investigate the miscibility of 

polymers under various conditions by using the most popular techniques and to correlate 

with the mechanical properties of polystyrene (PS)/ poly (styrene-co-acrylonitrile) 

(PSAN) blend prepared by solution casting method. The product was an interesting as it 

would combine the superior processing characteristics of PS and the better weather UV 

resistant, excellent oil-resistant, and superior mechanical properties of PSAN. In this 

thesis an attempt was made to investigate thoroughly the effect of composition, 

temperature, and solvent on the miscibility, and hence on the morphology, thermal, and 

mechanical properties of the resulting blends. 

The miscibility of polystyrene (PS), and poly(styrene-co-acrylonitrile) (PSAN) blend in 

tetrahydrofuran (THF), dimethyl form amide (DMF), chloroform (CHCl3), benzene, and 

acetone was investigated by viscometric, density, and refractometric methods over an 

extended range of concentration, composition, and temperature. The miscibility behavior 

of different blend systems was examined on the basis of signs of various interaction 

parameters proposed by Chee (μ and ΔB), Garcia (Δ[η]m), Jiang and Han (β) and Sun (α). 

The viscometry results were then correlated with the miscibility findings for the same 

blend systems by refractive index and density techniques. On the basis of solution state 



xx 
 

studies we concluded the degree of miscibility as; PS/PSAN/DMF˃ PS/PSAN/CHCl3˃ 

PS/PS/PSAN/THF˃ PS/PSAN/Acetone˃ PS/PSAN/Benzene. Rheological measurements 

of PS/PSAN/THF blend system also indicated that the miscibility was dependent upon 

blend compositions. Various rheological parameters vs frequency plots indicated 

miscibility for composition, 50/50, and immiscibility for all other blend (30/70 and 

70/30) compositions. Whereas, the plots of these rheological parameters vs weight % of 

PS in the blend showed negative deviation from the additivity line and hence 

immiscibility for all the blend compositions and similar observations were made in case 

of shear viscosity, and shear stress vs shear rate plots. The miscibility of the PS/PSAN 

blend films cast using different solvents (THF, DMF, and CHCl3) was also probed in the 

solid state with the help of scanning electron microscopy (SEM), Fourier transform infra-

red (FTIR) spectroscopy, differential scanning calorimetry (DSC), thermogravimetry 

(TG), and tensile testing. Morphological observations revealed partial miscibility for 

PS/PSAN blend films cast from THF and DMF, whereas immiscibility for the 

PS/PSAN/CHCl3 blend films. FTIR measurements indicated immiscibility for all the 

blend systems, irrespective of the type of casting solvent, as none of the spectra for 

different blend compositions displayed variations in peak shifting. Thermal (DSC, and 

TG) studies showed consistency with the morphological results, endorsing the partial 

miscibility of the PS/PSAN/THF, and PS/PSAN/DMF blends, and immiscibility of the 

PS/PSAN/CHCl3 blend. All the tensile properties of the PS/PSAN/THF blend system 

showed positive deviations from the rule of mixtures and were decreased with the 

increase in weight % of PS in the blend, indicating compatibility of the said blend 

system. The decrease in various tensile properties with the increase in PS contents of the 
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blend was assigned to the inferior mechanical properties of PS along with the decrease in 

interfacial adhesion between the two phases. Maximum synergy was observed for 

PS/PSAN/THF blend, 25/75 composition, in all the tensile properties which were 

attributed to the intra-molecular repulsive effect, characteristic of the 

homopolymer/copolymer blend system, and some structural similarity between the blend 

components. The PS/PSAN/DMF blend system retained its partial miscibility in tensile 

properties by showing positive deviation for 25/75 and negative deviations from the 

additivity line for the remaining blend, 50/50, and 75/25 compositions. The 

PS/PSAN/CHCl3 also retained its immiscible and incompatible nature by displaying 

negative deviations from the additivity line, for all the tensile properties of different blend 

compositions, and was increased with the increase in PS contents in the blend. The extent 

of miscibility of PS/PSAN blends characterized in the solid state was PS/PSAN/THF ˃ 

PS/PSAN/DMF ˃ PS/PSAN/CHCl3. Based over these results, THF was classified a better 

solvent for solution cast PS/PSAN blends than rest of the investigated solvents. Further, 

the blend composition had the impact over the miscibility and hence over the mechanical 

properties of the blend. The mechanical properties were improved with the increase in 

miscibility of the blend. 
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CHAPTER-1 

 

 

1. INTRODUCTION 

Macromolecules possess extensive range of properties that make them best materials for 

a wide range of applications [1]. Since 1850, a large scale polymers production and 

applications have been observed as they are rapidly replacing the classical structural 

materials such as glass, metal, ceramics, wood etc. due to their useful and attractive 

properties like low cost, light weight, elasticity, and toughness [2]. Though, a great 
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number of homopolymers and copolymers are commercially available today but none of 

them possess all the desired physical and mechanical properties required for specific 

application. Polymer blending was introduced to meet the market requirements. Blending 

is a powerful technique and real solution to produce novel materials with tailored 

properties keeping in view the latest market applications. The unending pressure to 

develop efficiency and superiority has caused the exploration in polymeric mixtures. 

Polymer blending is experiencing significant growth as they are receiving increased 

attention from academia and industry [3, 4]. Polymer blending can be justified on a 

number of grounds; but these likely to vary with geographic location and time. The main 

purpose of polymer blending in the 1960s, was amendment of a definite polymer for a 

particular application, mostly, enhancement of impact strength. The choice of blending in 

the next decade, aimed to increase direct economy by reducing costly engineering resins 

with commodity ones. In the 1980s, importance of the high temperature field resins 

desired progress of processing technology [5]. At present, the purpose of blending is to 

acquire collections of particular properties necessary for a predicted use.  For instance, 

the blend recommended for application in locomotive body parts they must be easily 

molded for specific sizes, must maintain profile at temperatures up to 85°C, be impact 

resistant down to -40°C, resistant to motor oil, gasoline, and soap solution, must be 

economic, recyclable, paintable etc. Polymer blending is the only way to accomplish the 

desired list of such properties [6]. It is an admitted fact that in the rapidly expanding 

polymer market one can compete only if one can provide good quality material at low 

cost. Moreover, the aesthetic appeal of the product also plays an important role in 

customers’ attraction. Typical, desired properties are improved mechanical, thermal, 
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barrier properties, better solvent resistance, reduced flammability, improved 

processability so better product uniformity and scrap reduction by recycling the plastics 

waste. Other advantages of blending are less research and development expense 

compared to the development of totally new polymeric materials with similar property 

profile, reduction in the number of grades that needs to be synthesized and stockpiled, so 

saving investment of money and space, speedy formulation variations so better plant 

flexibility, great yield, and product tailor ability to particular consumer requirements, thus 

better consumer satisfaction [7]. 

1.1 Polymer Blends and Their Classification 

The physical mixtures of two or more polymers and/or copolymers held together by 

secondary forces, with one or more excellent properties required for the specific purpose 

[8, 9]. On the basis of degree of miscibility of its components, polymer blends are 

classified into completely miscible, partially miscible and completely immiscible blends. 

In completely miscible blends, its components are miscible at segmental level over an 

extensive range of temperatures and compositions such as poly (styrene)/poly (phenylene 

oxide), and poly (methacrylate)-poly (vinylidene fluoride). However, window of 

miscibility between component polymers at specific temperature and composition can be 

observed in partially miscible blends for example PS/PVME blends. In immiscible blend 

system, the component polymers are thermodynamically immiscible at any temperature 

and composition for example polyamide 6-polyethylene blends [10]. Polymer blending 

appealed very much research attention because of their capability to combine the existing 

polymers into new compositions to attain the end product with tailored properties not 

obtainable from new polymers [7]. 
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1.2 Miscibility of Polymer Blends  

The knowledge whether two polymers are miscible or not is very important because 

miscibility of the component polymers in addition to other factors is responsible for 

demonstration of superior properties of the resulting blend [11]. Generally, when 

properties of the blend approach those expected of a single phase blend, the system is 

considered miscible. On the other hand, if there exists phase separation but each phase 

contains a sufficient amount of the other polymer to alter the properties of that phase 

relative to the properties of a fully immiscible system, the blend is then considered partly 

miscible.  

The properties of polymer mixtures can be better explained by the following equation, 

P = P1C1 + P2C2 + IP1P2                                                                (1) 

Here P is the property of the blend, P1, P2 the properties of the component polymers, C1, 

C2 the respective concentrations of the component polymers and I the interaction 

parameter that may be positive, zero or negative.  The positive I indicates synergistic 

properties, zero I shows additive properties (one phase blend) and negative I indicates the 

non-synergistic properties (phase separated blend). 

1.2.1 Factors affecting miscibility of polymer blends 

Some of the factors which affect the miscibility of the blends are discussed over here.   

1.2.1.1 Proportion of component polymers 

Proportion of component polymers in the blend plays a vital role in its miscibility. For 

immiscible blend system, it is quite possible that a small quantity of one polymer may be 

soluble in large quantity of the other polymer. On the other hand, immiscibility is 
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generally observed for blend compositions having equal amounts of the component 

polymers [11]. 

1.2.1.2 Polarity 

Polarity of constituent polymers plays decisive role in miscibility of polymer blends. 

Polymers with similar structure or polarity are likely to be miscible [12, 13]. Differences 

in polarities are responsible for immiscibility.  

1.2.1.3 Specific interactions 

Specific interactions between high molecular mass constituents of the blend plays 

decisive role in affecting their miscibility. These specific interactions can be of hydrogen 

bonding, dipole-dipole interactions, charge transfer, or ion-ion type interactions [14-17]. 

The role of these interactions can be appreciated when two potentially immiscible 

polymers are made miscible by modifying the chemical structure of one or both 

constituent polymers by incorporating some groups that result in the formation of specific 

interactions between them [18-20]. The strength of the intermolecular interactions depend 

upon the chemical nature of the interacting groups, which are dependent over the net 

result of the energetics involved between the self (1-1) and hetero-association (l-2). 

Prud'Homme, while studying comparative miscibility behavior of polyvinyl halides with 

polyesters, came across the fact that none of the polyesters studied showed miscibility 

with Poly (vinyl fluoride) (PVF), however, most of them indicated miscibility with Poly 

(vinyl chloride) (PVC). This difference in the extent of miscibility was attributed to the 

higher degree of self-association of PVF compared to PVC. 

1.2.1.4 Solvent 
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Solvent has a significant role in the miscibility of polymer blends. A polymer pair 

miscible in one solvent may or may not be so in another solvent. Since both the polymers 

are dissolved in the same solvent, the polymer-solvent interactions have a great impact 

over the polymer-polymer interaction. Depending on the solvent selected, the polymer-

polymer interaction can be either attractive or repulsive, resulting in the miscibility or 

immiscibility of the blend, respectively [21].  

 1.2.1.5 Molecular mass 

Polymers with high or different molecular masses generally show immiscibility and vice 

versa. It is because low molecular mass species show greater randomization on mixing 

and hence responsible for increase in entropy, thereby, resulting in the enhancement of 

miscibility of the blend [22]. In case of homopolymer /copolymer system, the 

homopolymer can be solubilized into block dominions of the same kind if the molar mass 

of the earlier is equal to or less than that of the later [23]. 

1.2.1.6 Temperature 

Temperature plays decisive role in the compatibility of polymer alloys. It has been 

observed that the range of composition over which the blend components are immiscible 

is not constant but varies with temperature. However, the effect of temperature is 

different for different pairs. For some polymer pairs the range of immiscibility decreases 

with rise in temperature and finally disappears. The maximum temperature at which the 

immiscible polymer pairs become miscible is called the upper critical solution 

temperature (UCST). However, for some polymer pairs the reverse is true that is the 

range of immiscibility decreases with decrease in temperature. If such polymer pairs are 

cooled enough, finally a temperature will reach at which the polymer pair becomes 
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miscible. This minimum temperature is known as the lower critical solution temperature 

(LCST).  

1.3 Thermodynamics of Miscibility  

Miscibility of blends is ruled by the ΔG
m

, defined in terms of ΔH
m

, ΔS
m

 and Kelvin 

temperature, T [24-27]: 

ΔG
m 

= ΔH
m 

– TΔS
m 

< 0                                               (2) 

A positive second derivative of ΔGm indicates miscibility of the blend [12, 15];  

 [
∂2ΔGm

∂ɸ2 ]
P,T

>   0                                                                (3) 

Equations 2 and 3 are the important and sufficient conditions for complete miscibility of 

polymer blends [7, 28-30]. The value of TΔS
m 

is always positive since there is an 

increase in the entropy on mixing owing to rise in haphazardness. The sign of ΔG
m 

always depends on the value of the enthalpy of mixing ΔH
m

 [26], which arises mainly 

from the dispersive interactions between the monomeric units [25]. The component 

polymers mix together forming homogeneous phase only if the ΔS
m

 contribution to the 

ΔG
m

 exceeds the ΔH
m

 contribution, i.e.  

TΔS
m

˃ΔH
m 

                                                               (4) 

1.4 Blending Techniques 

Following are the different techniques employed for polymer blend preparation; Solution 

casting, melt blending, co-precipitation, latex blending, synthesis of IPNs etc.  

1.4.1 Solution casting 



xxix 
 

For small scale preparation of polymer blends in laboratory, solution cast technique is 

mostly used. The polymers are mixed according to the required ratio and then dissolved 

in a common solvent. The resulting solution is poured on a clean surface of glass plate. 

After the evaporation of solvent a thin layer or film of polymer blend is left behind [31]. 

Advantage of this technique is quick mixing of the blend components without high 

demand of energy and hence no chance of crosslinking, degradation or chemical 

decomposition. However, this process has the drawback of finding a suitable co-solvent 

for the components of the blend and then to evaporate large quantities of organic solvent 

which are mostly environment unfriendly. This technique is, therefore, used in industry 

only for preparation of paints, surface layers and thin membranes. 

1.4.2 Melt mixing  

In this method, the component polymers are thoroughly heated till they melt. The 

components are mixed in the fused state in single or twin extruders under shear. It is the 

most extensive technique used for polymer blend preparation.  The main advantages of 

melt mixing are definite constituents and better mixing devices that is extruders, avoids 

solvent evaporation and contamination problems [31]. Drawbacks of the process are 

extraordinary energy demands and chances of negative changes in the blend constituents 

like crosslinking, degradation and decomposition at elevated temperatures and stresses. 

1.4.3 Reactive blending 

Reactive blending is generally used for immiscible polymer systems by adding a 

multifunctional copolymer (reactive component) to the immiscible polymer pair. This 

reactive constituent binds both the component polymers together forming a blend [32, 

33]. 



xxx 
 

1.4.4 Partial block and graft polymerization 

In this type of polymerization, the main products are homopolymer; however sufficient 

block or graft copolymer is also produced to ensure good adhesion between immiscible 

components. Materials prepared by this method generally show better properties as 

compared to those prepared by melt blending. The drawback of this method is the 

complex and costly initiation of the manufacture, as compared to other techniques such as 

melts blending; the requirement of all the constituents in the latex form confines 

application of this technique [20, 32]. 

1.4.5 Interpenetrating polymer networks (IPN) technique 

Production of blends by IPNs method consists of polymerization of one monomer usually 

dissolved in a solvent containing macromolecule; after that, the monomer or 

macromolecule is cross-linked. This method is used for the preparation of thermoplastics, 

uncross-linked elastomers and blends of reactive plastics [32]. 

1.4.6 Freeze drying 

In this method a solution of the blend components is quenched down to a very low     

temperature and the solvent is frozen. There is little chance for polymers to phase 

segregate and will collect haphazardly in the areas all over the frozen solvent. The rate of 

freezing is quite rapid for single phase solution. Removal of Solvent is brought about by 

sublimation [31]. 

1.4.7 Latex-blending technique 

 In this method low viscous lattice of the component polymers are mixed. Thus the 

polymer blends obtained without any organic solvent would result in very small scale 
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heterogeneity of about 10 micrometer [32]. The drawback of this method is that the blend 

components must not contain impurities and should show miscibility. 

1.5 Characterization of Miscibility of Polymer Blends 

A very good number of techniques have been developed for detailed understanding of the 

degree of compatibility and its impact over the physical and mechanical properties of the 

resulting blend. Each and every method has its particular criteria and technical limits e.g. 

light scattering technique for determination of blend miscibility can be employed only if 

the refractive indices’ difference of the blend components exceeds 10.−2 Similarly, DSC 

cannot be used successfully for miscibility characterization of the blends if the difference 

in Tg’s of the blend constituents is less than 20°C or dispersed phase is less than 10 

weight % [34]. However, it is an admitted fact that more sensitive a method is, the minor 

the domain it can determine. Thus, the extent of miscibility also depends on the method 

employed [35]. Thus, it is essential to use different techniques for investigation of 

polymer blends’ miscibility. 

1.5.1 Viscometry 

Viscometry is a simple, low cost, attractive and trustworthy technique for investigating 

the miscibility of the blends [36]. Other advantages that make it more convincing 

characterizing technique for polymers and their blends include no requirement of 

sophisticated equipment, no effect of the crystalline nature or the morphology of the 

polymer mixtures on the end product. Also, the slow dispersion of macromolecules in the 

solid state renders it hard to reach a real thermodynamic equilibrium state. Thus, the 

behavior of a blend in solution is the principal way of evaluating the miscibility [37, 38]. 

Dilute solution viscometry (DSV) as a technique for miscibility characterization of 



xxxii 
 

polymer blends is based on the fact that in solution, molecules of the component 

polymers may be present dispersed state at molecular level and hence may attract or repel 

each other. The attraction between the polymeric components will result in swelling of 

polymers causing an increase in the viscosity of the blend as compared to those of the 

neat polymers, whereas repulsion will result in shrinkage thereby causing a decrease in 

viscosity of the blend [39].  

Classical Huggins equation [40] is the basis for dilute solution viscometry which is 

expressed as under;                                 

  
ηsp

C
 =  [η]  + bC                                                                (5) 

b =  k[η]2  

Where C, 𝜂𝑠𝑝, and [η] denote mass concentration, specific viscosity, and intrinsic 

viscosity of solution whereas b indicates polymer-solvent binary interactions and k the 

Huggins coefficient reveals interactions between polymeric segments.  

Following approaches of different researchers were employed for determination of 

polymer-polymer miscibility; 

Garcia et al. [41] investigated miscibility of polymer blend solution on the basis of Δ[η]m; 

Δ[η]m  = [η]exp − [η]Theo                                       (6) 

Where   [η]Theo = w1 [η]1 + w2[η]2                           (7) 

Δ[η]m <0 shows miscibility of the blend and vice-versa. 
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Krigbaum–Wall [42] modified the classical Huggins equation and applied it to ternary 

system.  

They proposed following approach for probing miscibility of polymer blend; 

(ɳsp)m

Cm
= [η]m + bm Cm                                                            (8)   

Where Cm = (C1+C2) indicates total concentration of component polymers, (ηsp)m shows 

the specific viscosity and bm the interaction between component polymers of the blend; 

bm =  w1
2b11    +  w2  

2  b22  + 2w1  w2 b12
exp

                             (9) 

Here w1 and w2 represent the weight fractions of polymers 1 and 2, respectively. b12
exp

 is 

the interaction parameter of the blend calculated from Equation (9).  bm, b11, b22 are the 

interaction parameters of the blend, polymers 1 and 2, respectively obtained from slopes 

of the Huggins plots [36].  

Chee [37] suggested following criteria to unveil polymer-polymer miscibility in solution: 

 ΔB =
b−b̅

2w1w2
                                                                                  (10) 

Where b̅=w1b11+w2b22, here w1, w2 are the weight fractions and b11, b22 are the slopes of 

the reduced viscosity vs concentration plots of the neat polymers. For ternary system, ‘b’ 

can be written as under;   

 b = w1
2 b11  +   w2

2 b22  + 2 w1w2b12                                 (11) 

b12 is the slope of the blend. 
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ΔB≥0 indicates miscibility of polymer blend and vice-versa. However, if the intrinsic 

viscosities of neat polymer solutions are far apart then the Chees’s approach is unable to 

interpret the experimental data. Chee, therefore, suggested the following more effective 

and reliable parameter for characterization of polymer-polymer miscibility; 

µ =
∆B

[η2−η1]2
                                                                                    (12) 

[η]1 and [η]2 indicate the intrinsic viscosity of neat polymers. µ≥0 signifies miscibility 

whereas µ<0 shows immiscibility of polymer blend. 

Sun et al. [43] suggested α parameter to reveal the blends’ miscibility and is defined as: 

  α = km −
[(√k1)η1w1  + (√k2)η2  w2  ]

2

[η1w1+ η2w2 ]2                                       (13) 

Where  k1 =  
b11

[η]1
2 , k2 =

b22

[η]2
2 and km =  

bm

[η]m
2  

α ≥0 signifies mutual attraction between constituent polymers in solution and hence 

miscibility while α<0 signifies mutual repellency and hence immiscibility of polymer 

blends. 

Jiang and Han [44] replaced α with an improved criterion β shown below; 

  β =  
2Δkw1 w2[η]1[η]2

[w1 η1   +  w2η2]2                                                                  (14)         

Here  Δk =  k12 − (k1 k2)1/2   and       k12 =
b12

[η]1  [η]2 
                   

Different interaction parameters employed for investigation of miscibility 

characterization of the blend have advantages as well as disadvantages like other 
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advanced analytical techniques. Chee [37] parameters, ΔB and µ, can be used for 

characterization of miscibility of polymer blends, however ΔB is unable to produce 

reliable results in this regard if the difference in the intrinsic viscosities of the blend 

components is large and then the other Chee [37] parameter, µ, is used for this purpose in 

order to get more reliable results. Another parameter known as Garcia’s parameter based 

on the difference of experimental and theoretical intrinsic viscosities also gives fruitful 

information regarding miscibility of the blend. However, when its value goes below 0.1 

then it shows either very weak or no interaction at all between the blend components and 

hence becomes erratic. The other two interaction parameters are α and β proposed by Sun 

et al. [43] and Jiang and Han [44], respectively. Both of them are considered to be the 

most effective and trustworthy as compared to the other parameters, regarding miscibility 

characterization of polymer blends. The results of these two parameters and the Chee’s 

parameters showed some contradictory results for few compositions. However, the results 

of Sun et al. and Jiang and Han were in line with the results of other analytical techniques 

for various blend systems, thereby confirming the superiority of these two parameters. 

Density and refractometry  

The other simple, cheap, rapid yet reliable techniques include density and refractometry. 

The miscibility of the blend introduces homogeneity into the system and can be judged 

by measuring the refractive index and density of the polymers and their blend. If these 

parameters vary linearly with the blend composition, then they are considered miscible 

up to some extent and vice-versa [45].  

1.5.3 Rheological properties 
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The rheological properties of polymers and their blends are measured by rheometry. 

Rheology is the field of science that studies fluid behavior during flow induced 

deformation. Viscosity is the most widely used material parameter when determining the 

behavior of polymers during processing [46]. Polymers are said to be ‘viscoelastic’ 

because they combine the properties of an ideal viscous liquid with those of an ideal 

elastic solid and hence exhibit viscoelastic behavior. Though, different substances are 

viscoelastic to some extent, but it is quite clear in polymers. Usually, viscoelastic 

behavior states both the temperature and time dependence of mechanical performance. 

The difference in molecular structure of component polymers of the blend may result in a 

different rheological behavior of the blends [47]. The use of solution rheology to judge 

interactions in blends is largely empirical in nature. It is, therefore, expected in rheology 

that polymers with strong favorable or unfavorable interactions will show non-linear 

response for viscosity versus concentration plots [48]. 

1.5.4 Scanning electron microscopy 

Scanning electron microscopy offers the simplest procedure for probing the morphology 

of a blend. This method focusses a narrow beam of electrons onto the sample surface and 

a suitable sensor accumulates the electrons radiated from each point. The amplified 

current from the sensor is then exhibited on a cathode-ray tube, which is scanned 

synchronously with the electron probe, producing the image [49, 50]. SEM has higher 

resolution and much larger depth of field. Magnification is normally from 20-100000 

[51] and the resolution of the order of 2 nm is achievable [49].  For surface conductivity 

of the samples, a thin coat (2-10 nm) of a metallic conductor like Au or Pt is sputtered 

onto the surface of insulating materials such as polymers [51]. Staining and etching are 
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also used to provide improved contrast. Since SEM only indicates surface topographies, 

the inner structure of polymer blends is examined by observing splintered surfaces 

produced at room or cryogenic temperatures. Photomicrographs often give information 

about the arrangement of one phase within the other, the extent of adhesion, and hence 

miscibility between the two phases [35]. 

1.5.5 Fourier transform infrared spectroscopy 

Fourier transform infrared spectroscopy has been employed on large scale for the 

investigation of blend miscibility [52-58]. The IR spectral region is divided into three 

ranges: far-IR, mid-IR and Near-IR. Since fundamental vibrations occur in mid-IR region 

ranging from 4000-400 cm-1 and hence used for monitoring and analysis of polymers and 

their blends to obtain significant and accurate information about their miscibility and 

composition [59]. Interactions between component polymers in the blend can give rise to 

miscibility. Infrared (IR) spectroscopy is a very sensitive technique for evaluating these 

interactions. Shifts in band, due to differences in the electronic density of the bonds 

involved in interactions, are direct consequence of the type of interactions of particular 

groups with some other groups. In the case of immiscible blend system, the component 

polymers exist in discrete and distinctive phases, it is therefore thought that due to 

isolated form the component polymers do not interfere with each other in IR spectral 

terms. Thus, the spectrum of the blend just reflects the proper addition of the spectra of 

the two polymeric constituents like two Tgs in DSC thermogram of immiscible polymers. 

On the other hand, for compatible or semi-compatible blend system, the IR band would 

display shifts in component spectra which depend upon the nature, number and relative 

strengths of secondary interactions between the components of blend [60-63]. 
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1.5.6 Differential scanning calorimetry 

Differential scanning calorimetry is also a convincing method to investigate the 

miscibility of polymers. The most frequently used criterion for deciding miscibility or 

immiscibility in polymer blends is the measurement of its Tg. Tg is a characteristic change 

from a glassy condition to a rubbery condition. Single composition dependent glass 

transition is revealed by DSC for completely miscible blend system, whereas composition 

dependent two Tg’s are observed for a partially miscible blend system. On the other hand, 

non-changing two glass transitions in the DSC scans of blend system indicate 

immiscibility of the blend [64, 65]. However, there are some requirements for the 

prediction of miscibility by measuring Tg. The measurement of Tg becomes unresponsive 

when the dispersed phase becomes less than 10 weight % [12, 34]. In addition, the 

method should be used only for blends containing polymers whose Tg’s differ at least 

by10°C [12, 34]. The measurements of differential scanning calorimetry are based on the 

difference in heat absorbed or released by a sample, as compared to a reference as a 

function of time or temperature. DSC measures thermal transitions when sample and 

reference are heated or cooled, usually in an atmosphere of nitrogen. The sample 

containers are Al pans, and the reference is a comparable vacant pan. 

1.5.7 Thermogravimetric analysis 

Thermogravimetry is one of the best techniques used for reviewing thermal stability of 

polymers and their blends. Keeping in mind the use of polymer blends in various 

customer oriented applications, in depth knowledge of their degradation and thermal 

stability is necessary. Miscibility plays decisive role in this regard [66, 67]. It has been 

verified from the thermal data of both miscible and immiscible blends by comparing their 
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degradation steps, that miscibility of blend results only in the variations in intensity of the 

temperature shifts rather to affect the mechanism of polymer degradation [68]. 

Thermogravimetry provides information regarding the nature and extent of degradation 

of polymers and their blends [69].  

1.5.8 Tensile properties 

The tensile properties of polymer blend not only depend upon the properties of its 

components, molecular structures, molecular masses, composition, and type of blending 

but also on the external variables such as temperature, time, frequency, moisture content, 

testing methods [70, 71]. Extent of miscibility may vary from complete miscibility to 

immiscibility [12]. Miscibility is measure of interaction between polymeric components 

of the blend and can be detected using various techniques. The interfacial adhesion 

between the component polymers affects mechanical properties of polymer blend. 

Interface of immiscible blend is very weak and hence unable to withstand mechanical 

stress [72, 73], whereas, the strong interface of miscible blends enables them to resist 

various stresses [72, 74]. Generally, the tensile properties of polymer alloys are in-

between those of the component polymers. The mechanical properties of miscible blends 

show a linear variation with blend composition. However, a positive deviation from the 

linear relationship indicates synergism due to strong adhesion between the two phases 

and hence improved miscibility of the resulting blend, whereas a negative deviation 

indicates immiscibility [75].Weak and poor adhesion between the blend components 

results in premature failure and thus, deterioration of the end properties. Whereas strong 

exothermic interactions between components of the blend results in such miscible blends 

whose mechanical properties are higher than those forecast by simple rule of mixtures 
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[76]. Tensile tests are extensively employed for the characterization of mechanical 

properties of the blends. 

1.6 Selection of PS and PSAN 

We opted for homopolymer/copolymer (PS/PSAN) blend system because it represents an 

important class among the broad variety of commercially available polymeric mixtures. 

As, polymer mixtures are generally used to tailor the material properties. However, the 

design of polymer blends with useful properties requires an understanding of the blend 

miscibility which depends upon thermodynamic interactions between the component 

polymers that dictate the interfacial adhesion and hence phase behavior in the case of 

polymer blends. Miscibility in blend system comprising of a homopolymer and a 

copolymer" [77, 78] can occur due to the so-called copolymer effect, in a range of 

copolymer compositions. The copolymer effect (intramolecular repulsive interaction) 

occurs due to mutual repulsion between the covalently bonded co-monomers of a 

copolymer  that overcomes other interactions in the blend system resulting in the 

compatibility of a homopolymer-copolymer blend in certain ranges of temperature and 

copolymer composition (miscibility window) even if all the segmental interactions are 

positive that  is unfavorable to mixing [79].  We selected PS and PSAN as base polymers 

for our blend system due to their useful properties. Moreover, in patent literature, various 

types of polymer blends based on PS and thermoplastic or elastomeric polymers have 

been reported but very few studies have been conducted on PS/PSAN blends [80, 81]. 

Polystyrene is one of the most important polymers and the fourth largest thermoplastic by 

production volume today. It possesses many good properties, such as good processability, 

hardness, rigidity, transparency, good dimensional stability, low mold shrinkage, low 
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water absorbability, low costs, low specific gravity, and exceptional thermal and 

electrical properties for insulating purposes. These properties make it a typical material 

for its applications in technical items (radio, television housings, electrical articles, video 

cassettes, and computer accessories, refrigeration and air conditioning parts), house hold 

and consumer goods (toys, furniture, disposable tableware, cups for drink vending 

machines, sanitary wares, wall tiles, kitchen utensils, and containers), and packaging 

(foods, audio, video cassettes, compact discs) [82].  In addition to this, injection molded 

grades of polystyrene find extensive applications in the manufacture of cosmetic 

containers and photo film packages. Although the market finds excellent use for PS, it 

has some disadvantages, such as sensitivity to chemicals and food materials with high oil 

content, poor UV-resistance, poor impact strength, low heat distortion temperature 

(HDT) of 85°C, which limit its applications [83]. 

This research has been carried out with the aim to expand the PS applications by 

overcoming its shortcomings with PSAN via PS/PSAN blend. PSAN shows better 

mechanical properties, greater chemical resistance, optical clarity, and greater degree of 

stiffness, higher tensile strength, better surface hardness, improved toughness, rigidity as 

well as load-bearing strength, excellent dimensional stability as it absorbs very little 

water and is easy to process [84]. It can be used in the mobile industry fittings, instrument 

panel, different buttons and lamina of the fans, domestic and sanitary parts, for packing 

cosmetic products and electronic as well as office objects, battery cases, disposable 

cigarette lighters, house wares, automobile instrument lenses and as an additive to high 

cost resins. Since acrylonitrile (AN) contents of PSAN play decisive role in its miscibility 

with various polymers and copolymers that is why the material properties of the resulting 
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blend show clear dependence over the acrylonitrile (AN) content of the PSAN. We, 

therefore, used PSAN having 25 wt. % AN contents because PSAN copolymers with 25 

wt. % AN contents are not only transparent plastics but also show optimum properties. 

However, further increase in AN contents will increase the yellow index of the material 

[85]. 

The miscibility and distribution of the homopolymer in A/AB type blends were 

extensively studied [86-89]. 
 
It was observed that homopolymer parts can be held into the 

same type of domains of block copolymer if the molar mass of the former is less than that 

of the latter, M
w
(h)<M

w
(b) [90]. The uniform distribution of the homopolymer within the 

corresponding block domain may be attributed to some structural similarities in the blend 

components due to common styrene units [91]. If molar mass of homopolymer is almost 

similar to the corresponding block, M
w
(h)≈M

w
(b), the homopolymer is then retained at 

the center of the domain [76]. 
 
On the other hand, if the molar mass of a homopolymer is 

considerably higher, M
w
(h)>M

w
(b), then it cannot enter into the block copolymer domain 

and hence results in macro phase separation. 
 
The homopolymer chains, in this case, get 

separated from the block copolymer phase resulting in the formation of independent 

macroscopic phase that doesn’t disturb the original domain structure of the block 

copolymer [92]. 

1.7 Aims and objectives  

One of the most important reasons in polymer blend growth is to attain a good 

combination set of mechanical properties and processing at a moderate cost. To the best 

of our knowledge, no study on miscibility and its impact over the mechanical properties 
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of PS/PSAN blend have been reported so far. Therefore the objectives of this study were 

to explore the miscibility of PS/PSAN and impact of various parameters over it and to 

correlate the degree of miscibility with the thermal and mechanical properties and to 

propose a model that can predict the mechanical properties of the blend by knowing the 

non-bonding interactions of component polymers and / or copolymers up to large extent. 

For the purpose the following procedure was adopted: 

1. The miscibility of PS/PSAN blends both in solution and solid states were 

investigated. 

2. The influence of solvent, composition, and temperature on the compatibility of 

blend was studied. 

3. The effect of degree of miscibility over the morphology, thermal, and mechanical 

properties was explored. 

4. The variations in morphology, thermal, and mechanical behavior of the blend 

with the physical interactions were correlated.  

5. The optimum PS/PSAN composition in terms of miscibility, thermal and 

mechanical properties was determined. 
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2. LITERATURE SURVEY 

The history of polymer blends is quite old. It can be traced back to more than a century 

ago because the first blends of Tran- and cis-1, 4-polyisoprene (i.e. the natural rubber 

with gutta-percha) were prepared in 1846 [3]. However, the modern era of commercial 

polymer blending started in 1965 [3]. Polymer blends got marvelous commercial 
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importance due to the advantages like versatility, economic, and tailor made polymer 

materials by combining the unique properties of existing polymers. According to various 

estimations, polymer blends currently utilize over 80 wt. % of all plastics and constitute 

about 20 – 40 % of the polymer market [93, 94]. The growth of polymer blends segment 

of the plastic industry is three times faster than that of the whole plastic industry [3]. The 

first and foremost challenge faced in the development of polymer blends is always the 

compatibility of its constituents because the end properties of the resulting blends depend 

on the interfacial adhesion, domain size, and morphology. Though, the terms 

“miscibility” and “compatibility” are generally used interchangeably but they differ from 

each other. The term miscibility is typically used for more molecular scale mixing, when 

the resultant blend behaves like homogeneous system [35]. Though, “miscibility” does 

not indicate a perfect segmental mixing, but rather an adequate level of segmental mixing 

to show macroscopic properties like a homogeneous system [35]. But compatibility is 

generally for “good adhesion” that results in synergistic behavior in the final properties of 

the blend [35]. Miscibility between blend components depends on the nature and type of 

the polymeric components, their molar masses, composition, nature and strength of the 

interactions, steric factors, and structure [7, 13, 31, 95].  

Mehrabzadeh and Burford [96] examined the effects of addition of butadiene acrylonitrile 

copolymers (nitrile rubbers), their concentration and the acrylonitrile contents upon the 

impact performance of polyamide 11. In the case of higher nitrile contents relatively large 

quantities of rubber were required for toughness however stiffness and strength get 

reduced. On the other hand, toughness was enhanced, by low-nitrile content elastomers. 

The thermal behavior of polyamide 11 and nitrile rubber blends were studied by DSC and 



xlvi 
 

DMA. A decrease in the Tm and Tg of polyamide and an increase in the Tg of the nitrile 

rubber were observed, which indicated partial miscibility. Similarly, SEM and DMA 

studies also reflected polymer miscibility. 

Sabu Thomas et al. [97] used twin extruder for the preparation of nitrile rubber (NBR)  

and ethylene-vinyl acetate (EVA) copolymer blends in different ratios. The influence of 

blend composition on the morphology, viscoelastic as well as mechanical properties has 

been investigated. Variation in the properties has also been associated with the blend’s 

morphology. Results indicated that with the increase of EVA content, enhancement in 

mechanical properties of the blend occurred.  

In 1996, Banerjee and Das [98] evaluated the role of blending methods on the 

compatibility of polymer blends. Three different blend systems consisting of poly (viny1 

chloride-co-vinyl acetate) (VYHH)/ PS, VYHH/ SAN, and VYHH/ PMMA, prepared by 

different techniques such as, solution-casting, melt-mixing, and coprecipitation were 

characterized through DSC. Effect of blending method on the compatibility of various 

blend systems was observed. The study revealed that amongst the different types of 

blending techniques, the coprecipitation technique was the best regarding miscibility 

results. Moreover, miscibility also varied for different blend systems.  

To unveil the miscibility of poly (styrene-co-acrylonitrile) (PSAN)/poly (viny1chloride-

co-vinyl acetate) (VYHH) blends, comparative and comprehensive studies via different 

blending methods such as solution, melt blending, and co-precipitation techniques were 

carried out by Banerjee et al. [99]. The miscibility of the blend was detected with the help 

of DSC by measuring Tg’s of the resulting blends in addition to the heat capacity changes 
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(ΔCp) at the Tg for each blend. The criterion for determination of compatibility of the 

blend over the entire composition range was the presence of either one or two Tg’s. The 

study revealed that the heat-capacity variations were equivalent to the computed ones for 

miscible blends, but the observed ΔCp, is less than the computed values for immiscible 

blends. The study also showed the impact of blending technique and solvent upon the 

compatibility as results differed considerably for different blending techniques as well as 

solvents. 

Kim [100] explored the effect of Styrene methyl vinyl ketone (SMVK) on the photo 

degradability of PS and SAN. The PS/SMVK and SAN/SMVK blends were UV 

irradiated for different time lengths. The variation in viscosity was used to examine the 

influence of addition of SMVK over the photo degradability of PS and SAN as a function 

of time. The outcomes of the study indicated that the addition of SMVK increased 

photodegradability of PS very much; however, a minor rise in the case of SAN was 

noticed. The study also revealed that the influence of SMVK over the photodegradability 

of the PSAN/SMVK blend decreased rapidly with increase in AN content in SAN. Other 

factors that were considered to affect the photodegradability of the said blends included 

the photo degradability of the components themselves and the extent of miscibility 

between the blend components. These findings were corroborated by FTIR, DSC and 

viscometric studies. 

Lizymol and Thomas [101] carried out the effect of shear rate and composition on the 

rheological properties of the PVC/poly (ethylene-co-vinyl acetate) (EVA), PVC/SAN. 

EVA/ SAN, and PVC/EVA/SAN blend solutions in cyclohexanone. The results indicated 

miscibility for PVC/EVA/cyclohexanone, semi-compatibility for 
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PVC/SAN/cyclohexanone, and immiscibility for EVA/SAN/cyclohexanone blend 

systems. They observed that the viscosity for compatible blend system was equal to the 

rule of mixtures, but lower than rule of mixtures for incompatible blend under shear. On 

the other hand, miscibility of PVC/EVA/SAN system was found to be dependent upon 

the composition indicating miscibility as well as immiscibility.  

In 1997, Guo et al. [102] investigated the effect of chlorinated polyethylene-graft-

polystyrene over the miscibility of an immiscible PVC/PS blend. They employed DSC, 

DMA, SEM, Izod impact , and tensile tests to explore the compatibility, morphology, and 

mechanical properties. DSC and DMA investigations revealed immiscibility for PVC 

with graft copolymer CPE-g-PS as a compatibilizer and window of miscibility for PS 

with CPE-g-PS. A heterogeneous structure consisting of three phases was shown by 

PVC/PS/CPE-g-PS ternary blends. After the addition of compatibilizer (CPE-g-PS), 

improvement in the morphology, increased interfacial adhesion between the PVC/PS 

phases and hence synergism in the mechanical properties was noted. The results favored 

the effectiveness of CPE-g-PS not only as a compatibilizer but also as an impact modifier 

for the said blend as it interacted well with both PVC and PS.  

Rajulu et al. [103] in 1998, characterized poly (vinyl pyrrolidone)/polystyrene and poly 

(vinyl pyrrolidone)/poly (methyl methacrylate) blends in mixed common solvent (DMF + 

cyclohexanone), by means of viscosity, density, refractive index, and ultrasonic velocity 

measurements at 303K. Miscibility was characterized on the basis of the sign of 

interaction parameters obtained from the viscosity data. 
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Thomas et al. [104] made DSV measurements for three different blend systems, i.e. 

acrylonitrile-butadiene rubber (NBR)/PS/chloroform, NBR/SAN/chloroform, 

NBR/ABS/chloroform vs composition. Miscibility was determined on the basis of Δbm, 

found from modified Krigbaum-Wall theory [43], the difference in the polymer blend 

intrinsic viscosities and the weight-average intrinsic viscosities of the two polymeric 

solutions. These findings were in agreement with the experimentally measured density 

values for the systems under study. Finally, all these results were then corroborated by 

FTIR spectroscopic evidence. 

Kim et al. [105] explored the morphology and rheology of PS/poly (Rmethylstyrene) 

(PRMS), and PS/PVME binary blends, exhibiting the upper, and lower critical solution 

temperatures, respectively. Four types of blends prepared by solution casting method 

were examined. These include PS-40/PRMS-18, PS-38/PRMS-39, PS-40/PRMS-48, and 

PS-110/PVME-95. DSC results showed a single Tg for each blend system that was 

composition dependent, thereby indicating their complete miscibility over the 

investigated composition range. However, oscillatory shear rheometry showed the 

presence of micro heterogeneity in the compatible area, as revealed by the measurements 

of cloud point at temperatures almost 7°C less than the LCST of the PS/PVME and 70°C 

more than the UCST of the PS/PRMS blend systems. They concluded from these 

observations that close to the critical point, the extent of dynamical composition 

fluctuations depends upon the structure of the component polymers. Moreover, the 

experimental difference in the degree of dynamical composition fluctuations between 

PS/PRMS and PS/PVME blends is interpreted by the difference in the temperature 

coefficient of the interaction parameter between the PS/PRMS and PS/PVME blends 
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Thomas et al. [106] investigated thermal behavior of natural rubber (NR)/polystyrene 

(PS) blend system by employing TG and DSC techniques. The study revealed 

immiscibility and incompatibility of NR/PS blends. The impacts of compatibilizer and 

blend composition over the compatibility and the thermal behavior, after the addition of 

NR-g-PS as a suitable compatibilizer were estimated. A decrease in the mass loss for the 

blend at any temperature as compared to the neat polymers was observed indicating 

thermal stability of the blend. DSC studies indicated two Tg’s, analogous to PS and NR 

phases for the compatibilised and uncompatibilised blends, thereby confirming the 

thermodynamic incompatibility of NR/PS blends even in the presence of a 

compatibilizer. However, the IDT improved with the introduction of the compatibilizer 

which resulted in the decrease in the mass loss. These investigations indicated the overall 

improvement in thermal behavior of the compatibilised blend due to blending. 

In 1999, Pingping et al. [39] examined the viscometric behavior of a PVC/ PS (50:50) 

incompatible blend in different common solvents at 293K. These investigations revealed 

that the type of solvent had a great influence over the viscometric behavior of immiscible 

blends. It was because the viscosity behavior of a ternary blend system (solvent-

polymer1–polymer2) originated from the superposition of a number of thermodynamic 

and hydrodynamic interactions, and the type of solvent played decisive role in affecting 

the competition amongst various thermodynamic interactions in solution. 

Muniz et al. [107] also probed the influence of solvent and temperature on the 

compatibility of PMMA/PVAc blend by means of viscometry and differential scanning 

calorimetry. The blends showed miscibility in chloroform at 30°C and 50°C, 

immiscibility in DMF under the same conditions of temperatures, however in the case of 
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toluene the miscibility showed dependence over the temperature: they were miscible at 

30°C and immiscible at 50°C. DSC corroborated  the viscosity measurements by showing 

single composition-dependent  glass transition (Tg) temperature for 

PMMA/PVAc/chloroform (50/50) cast films, two glass transitions (Tg’s) close to those 

for pure polymers, if cast from DMF. Moreover, the films cast from DMF were 

opalescent, whereas those cast from chloroform were transparent.  

Tang and Liau [108] used solution casting technique in order to reveal solid state 

compatibility of the poly(4-hydroxystyrene) (P4HS)/poly(ethylene oxide) (PEO) blend 

system in five different solvents with the help of DSC studies of the Tg, Tm and the 

crystallization behavior of the blends. A single Tg was detected for all the blend systems 

irrespective of the nature and type of solvent used. The crystallization behavior of PEO is 

more easily repressed from the THF and cyclohexanone cast films also having more 

homogeneous morphology indicating THF and cyclohexanone as the best amongst 

different solvents. 

Lee et al. [109] determined the effect of acrylonitrile contents in NBR on the 

compatibility, phase behavior, and physical properties of PSAN-32/NBR blend. The 

acrylonitrile (AN) repeating unit content of PSAN was 32 wt. %. DSC and TEM were 

employed for investigation of the compatibility and morphology of SAN32/NBR blend. 

Enhancement in miscibility with increase in the acrylonitrile contents in NBR up to 50 

weight %, was observed. Maximum value for impact strength and some other mechanical 

properties of the blends were also shown when the acrylonitrile contents in NBR were 34 

weight %. The viscoelasticity of SAN32/NBR blends in the molten state showed yield 
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behavior at low shear rate, and this behavior was most obvious when the acrylonitrile 

contents in NBR were 34 weight %. 

Rajulu and Reddy [110] studied miscibility of PC/PMMA and PC/PS blend solutions at 

30°C by simple physical techniques. They showed miscibility for the PC/PMMA, and 

immiscibility for the PC/PS blend on the basis of signs of different interaction parameters 

calculated from viscosity data. These findings were in close agreement with the refractive 

index, density, and ultrasonic velocity measurements for the said blends.     

DR Paul et al. [111] tried to unveil the impact of compatibilizer on the stress-strain 

behavior of nylon 6 (PA)/ SAN blends, compatibilised by an imidized acrylic (IA) 

polymer in terms of the imidized acrylic (IA) content and the particle size of dispersed 

SAN-25. The PA/SAN25 (7/3) ratio was kept constant whereas the IA contents were 

varied from 0 to 5 weight %. A reduction in the domain size of dispersed medium was 

detected even by the addition of 10-1 weight % IA and the results also revealed that in 

order to avoid domain coalescence more than 0.5 weight % IA must be added. For 

polymer blends with 1 weight % or more IA content, a considerable plastic deformation 

and necking was observed. Though, the results indicate a relationship between the SAN-

25 particle size and the extent of plastic deformation but it was not yet clear whether the 

influence of decreasing particle size also affected the interfacial adhesion of the phases. It 

was, therefore, impossible to ascribe clearly the main factor that was responsible for 

plastic distortion of the fragile SAN-25 phase. 

Characterization of solution-cast PMMA/SAN blend films containing 30 wt. % 

acrylonitrile contents prepared by means of PVT dilatometry was carried out by Lijia et 
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al. [112]. The binodals, spinodals, Flory-Huggins interaction parameter, the 𝛥𝐻𝑚𝑖𝑥, 

the ∆𝑉𝑚𝑖𝑥, and the ∆𝑆𝑚𝑖𝑥 for the PMMA/SAN blend was evaluated by using the Sanchez-

Lacombe theory. The close-packed volume per mer, ù*, of the PMMA/SAN blend 

system was also computed with the help of a new volume combining rule. The results 

obtained through the original volume-combining and new rules indicated a minor impact 

over the ∆𝑆𝑚𝑖𝑥, the ∆𝑉𝑚𝑖𝑥, and the FH interaction parameter. Furthermore, the binodals 

and spinodals the evaluated with the Sanchez-Lacombe (SL) theory by means of the new 

∆𝑉𝑚𝑖𝑥 rule agreed with the measured statistics for the PMMA/SAN blend with an LCST, 

however the data found through the original one failed to do so. 

Hyun et al. [113] studied melt blend of syndiotactic PS/polystyrene-block poly (ethylene-

co-butylene) block-polystyrene copolymers. The study revealed that the morphology, 

impact and tensile properties were greatly affected by SPS block ratios and the molecular 

weight of SEBS. 

Zhang et al. [114] in 2002 evaluated viscometrically the interactions between PVC and 

PVAc in different solvents such as tetrahydrofuran (THF), N, N-dimethyl form amide 

(DMF) and methyl ether ketone (MEK). Intrinsic viscosity and modified Krigbaum-Wall 

interaction parameter (Δb) were employed to explore the influence of solvent upon the 

polymer-polymer interactions. For all these investigations, PVC/PVAc blends with 1:1 

wt. ratios in different solvents were used. Both in THF and DMF, the PVC/PVAc (1:1wt 

ratio) blends showed Δb˂0, however in MEK, Δb˃0 was observed for the said blend 

system. These results were then confirmed by the DSC measurements. It was concluded 

that solvent greatly affects the interactions and hence miscibility between the blend 

components, both in solution and solid state. 
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Ha et al. [115] estimated compatibility and thermal properties of PS/poly (5-benzoyl-2,6-

dimethyl-1,4-phenylene oxide) (BPPO)/chloroform or PS/poly(5-acetyl-2,6-dimethyl-

1,4- phenylene oxide) (APPO)/ /chloroform blends with the help of FTIR, light 

scattering, and TG analysis. Miscibility for both the blend systems over the complete 

range of composition was observed which was also corroborated through light-scattering 

and optical clarity results. The non-bonding interactions caused miscibility of the blend. 

Moreover, the light-scattering results also revealed better compatibility of the APPO/PS 

than the BPPO/PS blend. 

The studies on the melt elasticity characteristics of PS/PB blends vs blend composition, 

compatibilizer addition and dynamic vulcanization on a broad range of temperature and 

shear stress were carried out by Joseph et al. [116]. The effects of compatibilization by 

styrene butadiene rubber (SBR) and dynamic vulcanization using different cross-linking 

systems on melt elasticity parameters were also studied in detail. 

Melad et al. [117] attempted to show the influence of solvent on intermolecular 

interaction between PMMA and PS. They used DSV method to study PS/PMMA/THF 

and PS/PMMA/DMF blends at 28°C, because solvent played key role in characterizing 

the viscosity behavior of the polymer blend in solution. Polymer-polymer compatibility 

was discussed in terms of the sign of Δbm. On the basis of miscibility results, DMF was 

classified a better solvent than THF. 

Kim et al. [118] investigated the phase behavior of dimethyl polycarbonate (DMPC) 

/tetra methyl polycarbonate (TMPC) blend with Styrene Acrylonitrile (SAN) copolymers. 

SAN having limited AN contents showed miscibility with DMPC/TMPC blends having 
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60 weight % TMPC or more. Investigations revealed a decrease in miscibility of the 

copolycarbonate/SAN blends with the increase in the DMPC contents. An LCST type 

phase behavior or no phase separation till thermal degradation was observed for the 

miscible blends. The energies arising from the binary interaction of compatible blends 

were evaluated from the phase boundaries using the lattice-fluid theory in conjunction 

with binary interaction model. Enhancement in the miscibility was noted for SAN 

copolymer containing AN contents less than 30 weight % with phenyl rings of bisphenol-

A unit comprising of reduced number of methyl groups. 

The research carried out by Mathew and Thomas [119]; regarding the effect of 

compatibilizer, styrene–acrylonitrile copolymer, over the mechanical properties of 

various PS/acrylonitrile–butadiene rubber (NBR) blend (30/70, 50/50 and 70/30) 

compositions revealed that the incorporation of SAN improved tensile strength, impact 

strength, tear, and hardness of the PS/NBR blends. However, adverse effect on the 

ultimate properties was observed for the addition of SAN beyond the critical micelle 

concentration level. The results obtained for the said system were then comparable to the 

Noolandi and Hong’s theoretical predictions. 

A compressible regular solution free energy model was developed by Mayes and Juan 

[120] to find spinodal curves for blends consisting of three components. They attempted 

to predict qualitatively, the phase behavior of the TMPC/PC/SAN, PS/PMMAPS-r-

PMMA, PS/PMMA/THF ternary blend systems, and the polymer-additives mixture 

PS/PPO/dimethyl phthalate (DMP). The model acted as a extrapolative and simple 

instrument to resolve the complications associated with the selection of a compatibilizer 

for an immiscible blend system. 
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Joseph and Thomas [121] examined the influence of PS/PB blend ratio on their 

morphology and properties mechanical.  

The results regarding the compatibility of PS/SAN blend obtained by Yang et al. [122], 

indicated UCST behavior for PS/SAN (49/51 wt. %) blend containing 20 vol. % of AN 

contents with 171.8°C of UCST temperature. 

Biresaw and Carriere [123] measured the tensile properties such as yield strain, yield 

stress, and modulus of PS/biodegradable polyesters binary blends like Eastar Bio Ultra 

(EBU) D, L-polylactic acid (PLA), and polycaprolactone (PCL). Tensile properties for 

different compositions of PS/ biodegradable polyester blends ranging from 0/100 (neat 

biodegradable polyester) to100/0 (neat PS), in 25% additions, were measured. The blends 

were found to have intermediate tensile properties to those of the neat polymers. The 

modulus and yield stress showed decreasing trend in the order: 

PLA/PS>PCL/PS>EBU/PS for all these blends containing 25 wt. % PS. These results 

were the exact reverse of the interfacial tensions’ trend described for the said blend 

systems. This implied a link between tensile properties and interfacial tension. But, the 

modulus and yield strain of the neat polyesters decreased in the order: PLA>PCL>EBU, 

which was matching with the results of 25% PS blends. So, the detected behavior in the 

tensile properties might be assigned to the bulk properties of the ecofriendly polyesters. 

During the studies on styrene-butadiene Rubber (SBR)/polystyrene blends by Gonzalo 

and Carmina [124], they observed that the structural characteristics and SBR contents had 

a clear impact over the mechanical properties of polymer blends. The investigation also 
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revealed that increments of SBR content are responsible for improvements in impact 

strength on one hand, and decrease of tensile and flexural modules on the other. 

Melad and Mark [125] characterized the miscibility of three different polymer pairs in the 

same common solvent by means of dilute solution viscometry. The component polymers 

used include PVC, PS, poly (dimethylsiloxane) (PDMS), and polybutadiene (PBD). The 

various blend systems investigated for miscibility included; PS/PBD/THF, 

PDMS/PVC/THF, and PVC/PS/THF. The results of various viscometric parameters 

declared the PS/PBD/THF and PDMS/PVC/THF blends as compatible, whereas the 

PVC/PS/THF as an incompatible one. 

Joseph et al. [126] considered the effect of polystyrene and polybutadiene copolymers 

(random and tri-block) over the morphology and mechanical properties of PS/PB blend 

system. Hassan and Jwu [127] investigated the influence of composition over the 

mechanical properties of ABS/PC blend. Khan et al. [128] prepared ABS/PC blend in 

twin extruder and an improvement in the process ability of PC upon the addition of ABS 

was observed. However, a decrease in the tensile and yield strength was detected with the 

rise in ABS content. 

Aroguz and Baysal [129] examined the viscosity behavior for different PPO/PBrS (25/75, 

50/50, 75/25, 85/15) blend compositions. The sign of the interaction parameters was used 

as a basis for the characterization of miscibility of the blend system. These investigations 

revealed miscibility for the compositions, 75/25 and 85/15, and immiscibility for the 

compositions, 25/75 and 50/50 of PPO/PBrS/CHCl3 blend system at 20°C. Viscosity 

results were in close agreement with the DSC results.  
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Han et al. [130] in 2006 explored the influence of solvent nature on the surface features 

of PS/PMMA films obtained from various solvents, like tetrahydrofuran, ethyl benzene, 

dichloromethane, and toluene. In the case of dichloromethane, tetrahydrofuran and 

toluene as a common solvent, the domains of the phase rich in PMMA bulged from the 

PS background. However, in case of ethyl benzene as a common solvent, domains of 

phase rich in PS raised on the average height of phase rich in PMMA.  

Winey et al. [131] used forward recoil spectrometry (FRES) to study the compatibility of 

deuterated polystyrene (dPS)/poly(styrene-ran-styrenesulfonate) (P(S-SS)) blend. This 

technique directly determined the coexistence of equilibrium for dPS: P(S-SSx) blend 

compositions in which the extent of sulfonation (x) varied from 0.20 to 2.60 mole %. The 

FRES profiles in 150-190 °C temperature range indicated complete miscibility for x ≤ 0.2 

mol %, semi compatibility for x = 0.7, 1.0, and 1.2 mol %, and incompatibility for x ≥ 2.6 

mol %, of dPS:P(S-SSx) blend system. The FH concept and the existing blend 

compositions of the semi compatible bilayers were employed for calculation of 

interaction parameters of the blend, χblend. The styrene-styrenesulfonate segmental 

interaction parameter, χS/SS estimated by copolymer blend theory was extraordinarily 

large, that is ≥ 25. The application of mean-field theory was delimited in the extremely 

immiscible system, owing to their intrinsic compositional variations as revealed by the 

latest theories of random copolymers that approved the principle of “selfdemixing”. Their 

assessment of the binary monomer interaction parameter suggested the ability of 

demixing in P(S-SSx) random copolymers that possessed even a narrow distribution of 

compositions. Ansari et al. [132] showed the compatibilizing effect of SBR on the 

rheological properties of commercial PS/PB blend system. 
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Amril et al. [133] explored the chemical resistance of PS/PP blend as function of styrene-

b-(ethylene-co-butylene)-b-styrene (SEBS) and blend composition. PS/PP blends 

containing 90–60 weight % PS with different quantities of SEBS was prepared by 

injection molding and tested for chemical resistance. The enhancement in the chemical 

resistance of PS was observed with increase in PP contents towards solvents like THF 

and acetone. The chemical resistance of PS/PP blends at somewhat lower PP contents 

also showed improvement with increase in the SEBS contents. However, a decrease in 

the chemical resistance of PS/PP blends at higher PP content was observed, with 

increased SEBS contents. DMA indicated better miscibility for PS/PP/SEBS (60/40/25) 

blend than PS/PP/SEBS (60/40/5) blend. But, the better compatibility did not guarantee 

the greater chemical resistance because SEBS was also affected by the chemicals. 

Feng et al. [134] prepared polyaniline/polystyrene film having lotus-leaf-like structure 

through simple electro spinning technique. The film showed constant super 

hydrophobicity and conductivity, over an extensive PH range in many corrosive acidic or 

basic solutions, and also in oxidizing solutions. These unusual properties of the 

composite films were attributed to the special morphology and surface composition. 

Moreover, the polystyrene content also had strong influence over the morphology, and 

hence super hydrophobicities and conductivities of the composite films.  

Esfandeh et al. [135] studied the reactive blending of EPDM rubber and SAN copolymer. 

They used three different types of organic peroxides as initiators during blend preparation 

in the internal mixer and investigated the effect of initiator type and concentration, 

EPDM content and mixing sequences of components. FTIR spectroscopy and SEM 

techniques were used for characterization of blends. Mechanical properties like % 
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elongation, tensile and impact strength were measured. The findings of the investigations 

indicated that the blends in which 2, 5- dimethyl-2, 5-di-(t-butyl peroxy) hexane was used 

as an initiator showed better mechanical properties. SEM results also confirmed better 

compatibility for SAN/EPDM blends with 2, 5- dimethyl-2, 5-di-(t-butyl peroxy) hexane 

as an initiator.  

Park et al. [136] characterized the compatibility of PVC/ SAN and PVC/ αMSAN blend 

systems by means of DSC, DMA, SEM, and advanced rheometrics expansion system 

analysis. The results indicated immiscibility of SAN (24–31 weight % of AN contents) 

with PVC by melt extrusion, however αMSAN/PVC blend having 31 weight % of AN 

contents showed miscibility due to strong interaction between αMSAN and PVC.  

Yang et al. [137] in 2007, used SAN to change diglycidyl ether of bisphenol-A (DGEBA) 

type epoxy resin cured with diamino diphenyl sulfone (DDS). The new epoxy resin was 

then used as the matrix for fiber reinforced composites (FRPs) in order to enhance 

thermal and mechanical properties. They also investigated the morphology of the system. 

Phase separated morphology was observed. DMA revealed two Tg’s, that corresponded to 

epoxy rich and SAN rich phases for DDS cured epoxy resin/SAN/glass fiber composite. 

DMA was also used to study damping behavior, mechanical loss and, the dynamic 

moduli vs temperature. The dynamic mechanical properties as a function of thermoplastic 

modification and fiber loading were also explored. Superior thermal stability was shown 

by thermo gravimetric analysis (TGA) for the said system. 

Lehman et al. [138] melt-processed in a single-screw extruder the uncompatibilised PS/ 

HDPE blends which were then drawn into filaments for production of near-nanoscale 
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incompatible domains. The morphology and mechanical properties studies for these 

structures indicated mechanical linkages between blend domains responsible for load 

transfer. Blends with 45–47 vol. % PS showed co-continuous type morphology. A rise in 

the young’s modulus with the increased PS was observed, over the whole range of the 

blend composition, with values more than the additivity rule up to 50 weight % of PS. 

Co-continuous morphologies seemed to have no impact on strain to failure and the well 

distribution of PS domains appeared to confine the basically high strain of HDPE.  

Rujiravanit et al. [139] revealed the impact of the casting solvent on the H-chitosan/PLA 

films. The films cast from different solvents such as; THF, chloroform, and 

dichloromethane indicated thermal stability intermediate to those of the neat polymers. 

No major effects were detected in this regard. All the blend films irrespective of the type 

of casting solvent indicated a single Tg that was composition-dependent but the results 

recommended partial miscibility for the blend components only at low contents of H-

chitosan. X-ray and thermal analyses revealed a monotonic decrease in the crystallinity of 

PLA blends with the increased H-chitosan content; however, the choice of the casting 

solvent had no impact over the structure of PLA crystals. 

Brinke et al. [140] probed the phase behavior of PPO/random copolymers of styrene and 

2-vinyl pyridine, Poly(S-co-2VP), as well as PPO/random copolymers of styrene and 4-

vinyl pyridine, Poly(S-co-4VP) blends. The purpose of PPO was to enhance the 

mechanical properties of the PS-block-P4VP nanocords, therefore, the interaction 

between PPO and poly (vinyl pyridine) was of significant importance for numerous 

nanotechnology progresses.  The main reason behind the stated blending was the 

estimation of the Flory-Huggins parameters’ values. The F-H parameters values obtained 
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experimentally were compared with the one previously estimated and also with the 

literature values. On the basis of these information, it was concluded that the interaction 

between P4VP and PPO was even more disapproving than that of P4VP and PS.  

Joseph et al [141] examined the influence of composition and different compatibilizers 

over the melt rheology and extrudate morphology of polystyrene (PS)/polybutadiene (PB) 

blend system. Increase in melt viscosity of the blends was observed when block 

copolymer, SBS was used as compatibilizer which may be assigned to the better 

interaction between the PS and PB due increased interfacial adhesion as a result of the 

compatibilizer addition.  

Polystyrene/ high density polyethylene and polystyrene/polypropylene blends prepared 

by Wantinee et al. [142] via melt extrusion using single screw extruder to measure the 

influence of the morphology and blend ratio over the tensile and impact resistant 

properties. The study indicated, that the young’s modulus followed nearly additivity rule 

even though the PS/HDPE blend curvature touched the proportionate level only at co-

continuous compositions, however the young’s modulus of all the PS/PP blend 

compositions was at or above the proportionate relationship on the PS rich side of phase 

inversions.  

In order to prepare fluorescent anthracene labeled SMA (SMA-An), Mighri et al. [143] 

modified SMA by mono esterification process with 9-(hydroxyl methyl) anthracene 

fluorophore. Attenuated total reflection (ATR) and TGA methods were then employed to 

characterize the latter. For investigation of the molecular level miscibility of these blends, 
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SMA-An was added to SMA/SAN and SMA/PMMA blends, in the second step. The 

fluorescence method was employed to characterize the SMA/PMMA blends’ miscibility. 

Kurian and Sreenivasan [144] explored the effect of composition of the blend over the 

morphology and mechanical properties of PS / finely powdered (uncrosslinked and 

crosslinked) nitrile rubber blends. In an internal mixer, melt mixed polystyrene/nitrile 

rubber blends containing 0–20 weight % nitrile rubber were prepared at 180°C. The 

injection molded test specimens of the polystyrene/nitrile rubber blends were used for 

impact strength and tensile stress-strain properties. Higher tensile strength, tensile 

modulus, % elongation, flexural modulus, flexural as well as impact strengths were 

shown by the crosslinked nitrile rubber blend than the uncrosslinked nitrile rubber blends. 

It was concluded that the synergism in mechanical properties was due to the improved 

adhesion between the dispersed and matrix phases of nitrile rubber and PS, respectively 

The enhancement in mechanical properties was also confirmed by the morphological 

studies observation. 

The computational, and experimental studies by means of diffuse-interface model based 

on the Cahn–Hilliard theory, and small-angle light scattering (SALS) were carried out by 

Anderson et al. to explore the structure development in PMMA/SAN28 blends, [145]. 

SALS observations indicated phase separation in three stages. The diffusion coefficient 

resulted from the initial stage but the development of the interface width resulted from all 

the three stages. The stiffening kinetics was more controlled by hydrodynamics in the late 

stage than in the middle stage of the phase separation. The computational study 

established the coarsening being dominated by hydrodynamics with reduction of the 
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capillary number. A quantitative relationship, between the phase separation kinetics 

foretold experimentally and numerically, was presented.  

Khan et al. [146] explored the impact of interactions between polymers on the 

compatibility of PS/PMMA and PVC/PMMA blend systems investigated in an extensive 

range of composition with the help of viscometry and FTIR spectroscopy. From the 

viscosity data, the existence of interactions amongst polymers was estimated according to 

Sun et al. [43]. Based on the sign convention criterion, PS/PMMA blend system was 

classified an immiscible while PVC/PMMA blends miscibility as miscible one. FTIR 

analysis also verified the viscometry results. 

Elashwami et al. [147] in 2008 evaluated the effect of PS contents on the PS/PVAc 

solution-cast blend films by FTIR, DSC, TG, UV/VIS, and XRD. Variations in the XRD 

FTIR, and DSC analyses revealed interactions between the component polymers and 

hence good or certain compatibility of PS/PVAc blend. With the increase of PS contents, 

some variations in the intensity and height of the amorphous halos in XRD scans, the 

decrease in optical band gap in UV/VIS spectra, the increase in apparent activation 

energy value and a single composition dependent Tg for each blend composition 

supported miscibility in the PS/PVAc blend. The apparent activation energy (E) of the 

blends was computed with TGA. 

Damappa et al. [148] investigated polymer–polymer interactions in dilute solution by 

simple, low cost physical techniques. The increase or decrease in the slope of Higgins 

plot of the PEO/HPMC/Water blend system was used as a compatibility criterion.  The 
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results showed the blend to be semi-compatible in nature. The semi-compatibility of the 

blend was also established by other simple physical techniques. 

Shivakumar et al. [149] explored the miscibility of ternary blend of hydroxypropyl 

methylcellulose (HPMC)/Pullulan/water by simple physical techniques at 303 and 313K. 

The blend films for solid state characterization were obtained via solution cast method. 

These films were characterized by FTIR, SEM, and DSC, thermo gravimetric and tensile 

measurements. Interaction parameters calculated from the viscosity data suggested 

miscibility of the blend containing more than 50%HPMC content. The study further 

indicated that temperature changes had no important influence upon the compatibility of 

the said blend. The measurements of ultrasonic velocity, density, and refractive index 

also confirmed semi-miscibility. DSC and FTIR techniques were employed for 

investigation of intermolecular interactions between the blend components. Better 

mechanical and thermal properties were shown by the miscible compositions of blend. 

Bhat et al. [150] evaluated the compatibility of PMMA/PEG/THF blend by simple 

techniques like viscometry, density, refractometry, and ultrasonic velocity. From the data 

obtained through these techniques, different binary and ternary interactions and ΔHmix 

were computed. The results indicated miscibility of the blend over the whole range of 

composition. The investigations showed no significant changes in miscibility of 

PMMA/PEG/ THF blends with the temperature variations. FTIR studies corroborated 

miscibility of the PMMA/PEG/ THF blend films by confirming the existence of hydrogen 

bonding in it. 
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Ito et al. [151] evaluated the interfacial tension from the PBT/PSAN interface region 

through the drop retraction technique. SAN film sandwiched between the two PBT films 

was heated up to 240°C in a hot stage coupled to an optical microscope. The rheological 

measurements of the PBT/SAN system revealed that higher the viscosity ratio of 

SAN/PBT, lower will be the interface tension of these blends. Moreover, the results also 

showed the influence of molecular mass of PBT over the interfacial tension. An increase 

of the interfacial tension with the PBT molecular mass was also observed. The 

experimental results were verified by the theoretical values that were calculated using the 

geometric-mean and harmonic-mean equations. The effect of the blend preparation 

process on the values of offset yield stress at 0.2% strain, stress at yield, stress at break, 

strain at yield, and strain at break, was studied by Żenkiewicz and Richert [152]. Nina et 

al. [153] observed improvements in the impact strengths of the PS/PB blends for all the 

compatibilised ones than that of un-compatibilised one, prepared by solvent casting 

technique.  

Bhardwaj et al. [154] used solvent permeability analysis and DSV to consider the 

influence of solvent on the compatibility of Polychloroprene (CR)/Ethylene–propylene–

diene terpolymer (EPDM) blend. Huggins, Sun’s and hydrodynamic interaction (Δη) 

parameters were employed to examine the compatibility of different blend compositions 

in various solvents having different CEDs. A window of miscibility was observed in 

CR/EPDM/chloroform system, however, no miscibility was shown for CR/EPDM/carbon 

tetrachloride, CR/EPDM/toluene, and CR/EPDM/xylene blends over the complete 

composition range. The results for all rubber blend compositions, were then verified by 

the ΔHm and binary polymer interactions. 
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Cankurtaran et al. [155] investigated the miscibility of PPO and bisphenol-A with 

terephthalic and isophthalic acids (50/50) (PAr) copolyester at 30°C in chloroform and  

70°C in dioxane dilute solutions viscometrically. The intrinsic viscosities and interaction 

parameters for this blend system were obtained from different Huggins plots of 

PAr/PPO/chloroform blend (80/20, 60/40, 50/50, 40/60, 20/80) compositions and 

PAr/PPO/ dioxane blend (75/25, 50/50 and 25/75) compositions. The miscibility 

determined on the basis of the sign of Krigbaum–Wall (Δb) [42], Garcia et al. (Δ[η]) 

[41], Sun et al. (α) [43], and Jiang-Han (β) [44], equations, showed that both the blend 

systems were immiscible in the investigated range of compositions at 30 and 70°C. 

However, the study also revealed that miscibility was increased with the rise in 

temperature and increased PPO contents in blend; as apparent from the miscibility 

criteria’s values variation. 

Investigations made by Yee et al. [156] for PMMA/PS blends regarding their stress 

relaxation behavior both in the presence and absence of random copolymer concluded 

that the variations in morphology of the resulting blend were correlated with the addition 

of random copolymer, viscosity, and blend ratios. 

Zhou et al. [157] prepared ternary blends of Bisphenol A polycarbonate (PC) 

/acrylonitrile–styrene–acrylic (ASA)/styrene–acrylonitrile copolymer (SAN) of different 

compositions by melt blending. The morphology and mechanical properties of the blends 

containing various SAN contents were compared. It was found that adding minor amount 

of SAN to PC/ASA blends, caused better adhesion of the ASA and matrix due to well 

distribution of ASA in the matrix. All this is responsible for improvement in the 

mechanical properties. However, further increase in the SAN content modified the 
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morphology which caused reduction in the impact strength of the blend. The effect of 

ASA contents on the of PC/ASA/SAN blend properties was also studied; the blend 

having 20 weight % ASA showed good mechanical properties. 

Dixit et al. [158] concluded miscibility for solvent cast PMMA)/PVC blends containing 

about 50wt % of PMMA by investigating their phase behavior, morphology, and 

mechanical properties. SEM was used to observe the distribution of phases in the blend. 

Increase in fracture energy and % elongation of the PMMA / PVC blends with the 

increased amount of PVC in the blend indicated better miscibility between the blend 

components. This compatibility was attributed to the specific interactions between the 

(CHCl) and carbonyl (C=O) groups of PVC, and PMMA, respectively. 

Roslaniec et al. [159] concluded that PA12 / PVDF blends revealed better mechanical 

properties for some of the blend (5-15 wt. %) compositions despite their immiscibility. 

They used DSC, SEM, and DMTA techniques for investigation of the morphology, 

thermal and mechanical properties of PA12 / PVDF blend. Moreover, blending method 

and composition also affected greatly the end properties of the blend e.g. the blends with 

small content of PVDF and prepared by extrusion showed the morphology of small 

dispersed PVDF phase and dispersion PA phase which was different from the 

morphology of the blend prepared in internal mixer and also had better mechanical 

properties.  

Mamza et al. [160] used XRD and FTIR methods for probing the morphology of pure 

and modified polystyrene (PS) and polyvinyl acetate (PVAc) blends. Heterogeneity of the 

blend distributive manner revealed highest crystallinity index for PS/PVAc blend (10/90) 
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composition. Moreover, the morphological studies indicated highest compatibility for 

PS/PVAc blend (20/80) composition. 

Saleh et al. [161] determined miscibility, morphology, thermal and mechanical properties 

of epoxy resin (EP)/carbonyl-terminated butadiene acrylonitrile copolymer (CTBN) 

blends. They premixed EP)/ CTBN blends with CTBN liquid rubber at 0, 5, 10, 15, and 

20 phr). These were then cured in an oven for one hour at 373K with a diamine curing 

agent (IPD) and post cured for two hours at 383K. The gel time and cure time increased 

with increase in CTBN contents. The gel and cure temperatures were higher for all the 

CTBN modified EP as compared to the unmodified EP samples. Investigations revealed 

decrease in the Tg of the modified EPs with increase in CTBN contents. However, a fall 

in the flexural and tensile properties of modified EPs, and an increase in the tensile strain 

and the fracture toughness with increasing CTBN contents were observed. When the test 

speed was increased (1-500 mm min–1), the toughening effect became quite apparent. 

SEM results revealed two-phase morphology for the said system. 

Francis et al. [162] showed miscibility of diglycidyl ether of bisphenol-A epoxy resin/ 

SAN-25 blends in the absence of curing agent, but upon curing with 

diaminodiphenylsulphone, development of sea island morphology happened due to 

reaction induced phase separation. The resultant morphology gave rise to different 

toughening mechanisms that enhanced the fracture toughness. Increase in SAN content in 

the blend increased the fracture toughness.  

Khan and Qazi [163] investigated miscibility of PS/ PMMA/THF blend (0.1/0.9, 0.3/0.7, 

0.5/0.5, 0.7/0.3, and 0.9/0.1) compositions by viscometric method, at 293 and 303K. The 
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[η] and the interaction parameters were calculated for the binary and ternary blend 

systems. On the basis of magnitude and sign of different (Δ[η]m [41], Δb [164], μ [37], 

Δbm [42], α [43], and β [44] ) parameters, the extent of miscibility of the said components 

was assessed. On the basis of information obtained from these criteria, the 

PS/PMMA/THF blend was classified as partial miscible system. The investigations also 

indicated an increase in miscibility with the rise in temperature and decrease in the PS wt. 

fraction. 

Comparative studies on the enhancement of miscibility of the PVC/ PMMA /THF blend 

system by introducing pyridine units into PMMA chain by viscometry, DSC, and FTIR 

techniques were carried out by Aouak et al. [164]. The Krigbaum-Wall, Chee, and 

Compos approaches showed comprehensive miscibility over the complete composition 

range for the PVC/poly(methyl methacrylate- co-4 vinyl pyridine) (MMA4VP-15) at 15 

weight % of 4-vinylpyridine systems in THF. The DSC analysis verified the complete 

miscibility over the entire composition range for these systems by showing single 

composition dependent Tg. The broadening and shifting of the involved functional 

groups’ vibration bands in the FTIR method also confirmed the compatibility of the blend 

under investigation. The compatibility of the blend system was assigned to the hydrogen 

bonding between the nitrogen of MMA4VP-15 and acidic hydrogen of PVC. 

Zheng et al. [165] probed the morphological and mechanical properties of the 

PS/Styrene-Ethylene-Propylene-Styrene (SEPS)/Vinyl Ester Resin (VER) blend. The 

microstructure of PS/SEPS/VER blends was correlated with mechanical properties. The 

addition of VER within a certain range caused sharp increase in stiffness. The structure 

showing the physical crosslinking points of SEPS immersed in the chemical crosslinking 
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network of PS/VER were confirmed by the impact properties. DMA showed changes in 

the loss tangent and storage modulus due to VER addition. The incorporation of VER 

improved fluidity, thermal, and mechanical properties of the composite.   

Kathi et al. [166] carried out investigations on the compatibility two different 

thermoplastics- PS and PC with unsaturated polyester resin (UPR) in a common solvent 

chloroform, by  using simple, low cost yet reliable methods. Chee [37], and Sun’s [43] 

parameters were used for the characterization of miscibility of these blends. On the basis 

of sign of these parameters, the UPR/PS blend was classified as compatible whereas the 

UPR/PC blends as incompatible. The viscometry and interaction parameters’ findings 

were also corroborated by the density, refractive index and ultrasonic velocity 

measurements.  

Complete miscibility was observed by Buthaina and Karrer [167] for PS and ABS melt 

blends prepared in a single screw extruder with various ratios. They studied tensile and 

thermal properties of these blends. The results showed better mechanical properties for 

blend system than those of the neat polymers. DSC also showed single glass transition 

temperature thereby confirming the complete miscibility of the blend. 

Silva et al. [168] studies thermal stabilities of miscible and immiscible blends employing 

TGA technique. The apparent activation energies for neat polymers, miscible, and 

immiscible blends in the whole interval of degradation were determined with the help of 

different (Flynn-Wall-Ozawa’s, model-free kinetic analysis, and Vyazovkin) methods. 

Though, both the blend systems, miscible/ immiscible, showed higher thermal stabilities 
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than the neat polymers, however, the higher synergistic influence in thermal stability for 

the compatible blend was assigned to the hydrogen bonding between PETs and PHB.  

Zhang et al. [169] considered the effect of solution-blended SAN on crystallization of 

PVDF by DSC, FTIR, and WAXD. The outcomes of the study indicated partially 

miscibility of SAN copolymer with PVDF which was attributed to the AN segment of 

SAN, whereas the styrene segment in SAN reduced the copolymer’s polarity and its 

miscibility with PVDF.  

Karaagac et al. [170] investigated compatibility and its effect on the mechanical 

properties of the butyl/ethylene-propylenediene rubbers blends. Krigbaum-Wall (Δbm) 

[42] and Chee (ΔB and µ) [37] interaction parameters were used to evaluate the 

compatibility of different blend proportions. Conclusions of mechanical measurements 

were also corroborated the viscometric results for the blend under study. Mechanical and 

rheological properties were examined earlier and afterwards thermal aging and the 

differences in the properties were estimated. Substitution of EPDM rubber with butyl 

rubber in suitable proportion enhanced the vulcanizates’ fatigue resistance. Progress in 

dynamic mechanical properties of polymer blend was estimated only in the case of 

blending miscible polymers in proper proportions. It was established that investigation of 

compatibility of by viscometry could be related with solid phase compatibility and hence 

could be used for estimating the mechanical properties of that very blend.  

Solution and solid state miscibility of Poly (vinyl pyrrolidone)/Pullulan was investigated 

by Shivakumar et al. [171]. For the characterization of solution state miscibility; 

viscometry, density and ultrasonic velocity measurements at 30 and 50ºC were carried 
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out. However, SEM, DSC, and TGA techniques were used to designate the solid state 

miscibility of PVP/Pullulan blend films prepared by solution casting method. From the 

viscosity data for the PVP/Pullulan blend; Chee’s (μ) [37], and Sun’s (α) [43] interaction 

parameters were calculated to examine miscibility of the blend. According to the 

interaction parameters values, miscibility was shown only by the PVP/Pullulan blend 

90/10 composition at 303K, however, miscibility was increased up to70/30 blend 

compositions at 50ºC. Miscibility in the above compositions was assigned to the 

hydrogen bonding between PVP and Pullulan. These findings were also verified by 

simple physical (density, ultrasonic velocity), and sophisticated (SEM, and DSC) 

methods. Increase in the thermal stability of Poly (vinyl pyrrolidone)/Pullulan blend 

(90/10) composition was shown by thermo gravimetric analysis. 

Bercea et al. [172] in 2011, investigated the viscoelastic behavior of binary blends of 

poly (acrylonitrile)(PAN)/dimethyl form amide (DMF), and poly[N-(4-carboxyphenyl)-

maleimide] (PMI)/dimethyl form amide in contrast with ternary PMI/PAN/DMF blends. 

Newtonian behavior was exhibited by both the binary and ternary blends, all over the 

studied frequency range. Rheological properties vs blend composition was studied at 

various temperatures. Information regarding polymer-polymer interactions vs blend 

composition was obtained from the activation energy of the flow.  

Rachida et al. [173] prepared a series of ABS/PC blends in order to evaluate their thermal 

and mechanical properties. A steady and monotonic variation in the tensile modulus of 

the blend with the polycarbonate content was observed. This result was described as the 

chain mobility, which resulted in anti-plasticization of the PC which permitted the PC 

segments to pack more firmly, consequently preventing the PC main chains from steric 
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hindrance. The impact strength showed intermediary values to those of the pure 

components, dependent on the distributed PC contents that usually make the ABS more 

brittle and the discrete rubber units of butadiene in the SAN medium. A maximum value 

of the impact strength noted for the blend containing 90 % PC was assigned to the strong 

interactions between the polymeric components. On the basis of close similarity of the 

changes in the HDT and the Vicat softening point with the blend composition, they were 

able to adopt that the phase inversion between the polymeric matrices occurred at 50 

weight % PC. SEM studies revealed a co-continuous morphology for the blend. 

Saleh and Mustafa [174] carried out measurements of the thermal conductivity, physical 

and mechanical properties of PP/ PMMA composites mixed with Iraqi kaolin. The 

investigations indicated enhancement in the mechanical properties like hardness, modulus 

of elasticity, compression and decrease in elongation, after the reinforcement of 

PP/PMMA blend with increased weight percent and decreased particle size of kaolin 

powder. The X-ray diffraction results showed adverse effects on the crystallization of 

PP/PMMA blend, after the addition of kaolin. Moreover, decrease in the water uptake 

occurred with the increase in weight percent and decrease in the particle size of the filler.  

Miscibility and mechanical properties of Poly (vinyl chloride) (PVC) / Poly (Glycidyl 

Methacrylate) (PGMA)/THF blend obtained via solution cast process were investigated 

by Abir [175]. Compatibility of the blend was confirmed by means of SEM and DSC. 

Thermo-gravimetric analysis indicated a rise in thermal stability with increase of the 

PGMA content in the blend. Synergism was also observed in the mechanical properties of 

the blend. 
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Kaniappan and Latha [176] concluded immiscibility for different solution-cast 

PS/PMMA/toluene blend compositions. DSC and FTIR results verified the blend 

formation. Thermal stability of the neat polymers and their blend was measured by TG. 

FTIR results confirmed the absence of any molecular interactions between the component 

polymers, PS and PMMA. DSC showed two distinct Tg’s thereby confirming the 

heterogeneous nature of the blend.  

Zhang et al. [177] assessed miscibility of PMMA/SAN blends having various 

acrylonitrile content. Immiscibility was noted for the 50/50 blend composition containing 

5, 35, and 50 wt. % of AN contents. On the other hand, miscibility was shown by the 

PMMA/SAN blend containing 25 wt. % of AN. The morphology of the blends were 

explored by means of SEM and TEM. The miscibility of the blend under investigation 

was supported by the morphological observations.  

Shahbazi [178] studied the effect of reactive compatibilization of polyethylene (PE) and 

polystyrene (PS) over the morphology, rheology, and mechanical response of their blend. 

The results indicated much more degradation for PS than PE in the presence of AlCl3. 

Morphological studies revealed that due to in situ graft copolymer formation reactive 

compatibilization caused a decrease in the domain size and its dispersion. Elongation at 

break and tensile strength of the PE-rich blend were improved during reactive 

compatibilization. A close interrelationship among the results of various techniques for 

reactive compatibilised PE/PS blend was observed.  

Fortelny et al. [179] explored the impact of molecular structure of styrene–butadiene 

(SB) block copolymers over the tensile properties, microhardness, impact strength, and 
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morphology of PP/PS (80/20) blends. The addition of copolymer reduced significantly 

the size of dispersed PS units. The decreased size of the PS units at mixing relates with 

molecular mass of copolymer, however the dispersion of copolymer between the two 

phases was dependent over the length of styrene blocks of SB copolymer. PS particles, in 

large part of compatibilised blends, aggregated rapidly forming honeycomb-like parts 

divided by SB partitions. PS blends having well-built honeycomb structure possessed 

lower tensile impact strength, lower yield stress, and higher plasticity than the PS blends 

having not fully formed honeycomb structure. The decrease in microhardness of 

PP/PS/SB blend than the PP/PS blends is attributed to the influence of SB copolymers on 

crystalline structure of PP matrix.  

Sah and Gupta [180] discovered miscibility of PVC/PMMA/THF blend system at various 

temperatures by viscometry, refractometry, density and ultrasonic velocity techniques. 

The study revealed that influence of temperature on the miscibility of the said blend 

except 40/60 blend composition was almost negligible.   

Rao et al. [181] examined miscibility of Hydroxyethyl Cellulose/Poly (vinyl 

pyrrolidone)/water by viscometry, refractometry, density, and ultrasonic velocity 

techniques at 300C. Solution cast blend films were characterized by DSC, FTIR and 

SEM. Miscibility of the blend was determined on the basis of μ [37] and α [43] 

parameters. The obtained information revealed miscibility for all blend compositions at 

300C. The viscosity findings were then verified by the refractive index, ultrasonic 

velocity, FT-IR, DSC and SEM techniques. Compatibility in the said blend was assigned 

to hydrogen bonding between the HEC and PVP. 
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The coefficients of viscosity for PC/PMMA/THF blends were measured by Sah and 

Gupta [182] at 303.15 K and 313.15 K. The molecular interactions between the 

components of the blend were identified by µ [37] and α [43] parameters. FTIR and SEM 

results confirmed the physical blend formation. 

The literature revealed that various blends are prepared and tested for miscibility using 

various techniques and the outcome are neither consistent nor provide a sound base for 

the production of miscibility or otherwise. 
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3. EXPERIMENTAL 

3.1 Materials 

Polystyrene (PS) and poly (styrene-co-acrylonitrile) (PSAN), used during this study were 

procured from Aldrich (USA). Acetone, benzene, and chloroform were purchased from 

Acros (Spain), whereas dimethyl form amide and tetrahydrofuran were purchased from 

Fluka (Germany). All the three solvents used during this investigation were of analytical 

grade and used as received. The information regarding structure and molecular mass of 

polymers and the solvents are provided in Tables 1and 2. 
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Table 1 Information about the polymers used during the investigation 

Chemicals Structure M. mass Source  

Polystyrene (PS) 

 

1.87×105 Aldrich (USA) 

Poly(styrene-co-

acrylonitrile) 

(PSAN)  (AN 

contents 25 wt.%) 
 

1.96×105 Aldrich (USA) 
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Table 2 Information about the solvents used during the investigation 

Solvent Structure Hildebrand 

Solubility 

Parameters 

(𝜹) 

(MPa1/2) 

Source 

Chloroform 

 

18.7 Acros (Spain) 

N,N-Dimethyl 

Form amide  

 

24.7 Fluka (Germany) 

Tetrahydrofuran 

 

18.5 Fluka (Germany) 
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Benzene 

 

18.7 Acros (Spain) 

Acetone 

 

19.7 Acros (Spain) 

 

 

3.2 Samples Preparation 

3.2.1 Dilute solution properties 

Stock solutions of PS, PSAN and their blends, with compositions 30/70, 50/50 and 70/30, 

were prepared by dissolving the required amount of polymers separately in Acetone, 

Benzene (C6H6), Chloroform (CHCl3), Dimethyl form amide (DMF), and 

Tetrahydrofuran (THF). The mixture was stirred for 12 hours at ambient temperature 

using magnetic stirrer and homogeneous solution was obtained. The total mass of the 

component polymers in the stock solution was maintained at 1 g/dL. The stock solutions 

of pure polymers and their blends for each solvent were diluted with appropriate amount 

of the respective solvents to get the desired concentration (0.25, 0.5 and 0.75 g/dL).The 

first digit of the blend composition, throughout this thesis, indicates the PS fraction. 

These solutions were used for viscosity, density, and refractive index measurements. 

3.2.2 Rheological properties 
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PS, PSAN and their blends having compositions, 0.3:0.7, 0.5:0.5, and 0.7:0.3, were 

prepared by dissolving the required amount of polymers separately in Tetrahydrofuran 

(THF). The mixtures were left overnight at ambient temperature, with continuous stirring 

using magnetic stirrer to obtain homogeneous solutions. The total mass of the component 

polymers in the binary and ternary solutions was maintained at 2.5 g/dL. 

3.2.3 Solid state properties 

PS/PSAN blends were prepared by solution casting technique using CHCl3, DMF, and 

THF as common solvents.  Solution of PS, PSAN and their blend were prepared in 

various mass ratios by the dissolution of required amount of component polymers 

separately in CHCl3, DMF and THF at a concentration of 5.0 g/dL at ambient 

temperature. The resulting blend solutions were stirred for 24 hours at ambient 

temperature using magnetic stirrer to ensure thorough mixing and better homogeneity. 

The mixtures were subsequently cast onto a clean, dry and smooth glass plate one by one 

for films formation of each solvent. The cast films were first dried under ambient 

conditions, at low evaporation rate in order to avoid film cracking and then peeled off 

from the glass plate for further drying under the vacuum in an oven at 60°C for 72 hours 

in order to remove completely the residual solvents.  

3.3 Characterization of Polymers and their Blends 

3.3.1 Viscosity measurement 

The viscosity of pure polymers and their blend solutions was measured using an Ostwald 

type capillary viscometer at 20-40 ± 0.01°C with an interval of 5°C for THF and 10°C 

for acetone, benzene, CHCl3 and DMF solvents. The dimension of the capillary of the 

viscometer used was selected in such a way that shear effects were eliminated. All the 
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measurements were carried out after 15-20 minutes of attaining the equilibrium with 

respect to temperature. The thermostate used for the purpose was water bath with 

LAUDA Thermostat Model E-200 Germany, with a thermal stability up to ±0.01℃. The 

flow time was measured several times until several flow time readings agreed to within 

0.05 seconds and average of these was recorded. 

3.3.2 Density measurement 

The density of the dilute solution of pure polymers and their blends were measured with a 

Mettler-Toledo Digital Density Meter Model DE40, Schwerzenbach, Switzerland from 

20-40 ± 0.1°C with an interval of 5°C for THF and 10°C for the remaining four solvents. 

The estimated error in the density measurements was ±0.05%.  

3.3.3 Refractive index measurement 

The refractive indices of the dilute solutions of pure polymers and their blends were 

measured using digital Abbe’s refractometer, with a thermostated water circulating 

system, Bellingham + Stanley (BS), London, UK. These measurements were made from 

20-40°C with an interval of 5°C for THF and 10°C for the remaining four solvents. The 

uncertainty in the refractive index measurements was ±0.0001.   

3.3.4 Rheological measurement 

Rheological properties of PS, PSAN, and their blends were measured at a constant 

temperature of 30°C, using HAAK MARS MODULAR Advanced Rheometer (Model 

075-5014, Germany), on which a 30 mm diameter parallel plate was mounted (gap of 

1.5mm). Three milliliters of solution was poured onto the lower plate for each 

measurement. The HAAKE software package was used for data evaluation and analysis. 
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3.3.5 Scanning electron microscopy   

The morphological characterization of the samples, after sputter coating their surfaces 

with gold, was carried out using Scanning electron microscope, LEO 440i with EDS 

attachment.  

3.3.6 Fourier transforms infrared spectrometry  

Fourier transforms infrared spectrometry was used to find out the intermolecular 

interaction between the blend components. The spectra of samples were obtained using 

FTIR spectrometer (Tensor- 27 Bruker, Germany) at a resolution of 2 cm-1and averages 

were obtained from 35 scans in the spectral range of 4000-500 cm-1. Solution-cast thin 

films, after complete removal of residual solvent, were used for FTIR analysis.  

3.3.7 Differential scanning calorimetry 

Differential Scanning Calorimeter, Diamond, Perkin-Elmer, USA was used to record 

differential scanning calorimetry thermograms of neat polymers and their blends. 

Samples of 5-8 mg cut and compacted into Aluminum pans for analysis. The samples 

were heated from 30-200°C at the heating rate of 15°C/min under the atmosphere of 

Nitrogen gas with a flow rate of 50mL/min. DSC instrument was calibrated using pure 

Indium metal. For isothermal scanning of the blend films, it was held at 30°C in each 

scan. All the results were obtained from the second scan to exclude the influence of 

differential thermal history. 

3.3.8 Thermogravimetric analysis 

Thermogravimetric analysis of the samples was carried out using a thermogravimetric 

analyzer TG/DTA Diamond, Perkin-Elmer, USA. A small amount (5-8 mg) of sample 
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was taken for the analysis and the samples were heated from 30-550°C at a heating rate 

of 15°C/min under the atmosphere of nitrogen with a flow rate of 25 mL/min; and 

corresponding thermal decomposition profiles was obtained. 

3.3.9 Tensile testing 

Tensile testing was carried out using rectangular shaped samples at a cross-head speed of 

100mm/min with a Testometric Materials Testing Machine, Rochdale, UK equipped with 

computer controlled MTS Test Works software for data acquisition and analysis, at 

ambient temperature.  Test samples were held firmly by the two grips. The lower grip 

was attached to a fixed and the other to a movable (power-driven) member so that they 

could move freely into alignment soon after application of any load.  

 

 

 

CHAPTER-4 
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4. RESULTS AND DISCUSSION 

This chapter consists of the results of a systematic study conducted on the assessment of 

solution and solid state miscibility between PS and PSAN in different solvents and its 

effect on the mechanical properties of polymer blends. The choice of solvent in polymer 

blending has been made by considering several factors like, environmental, health 

concerns, solution viscosity, and evaporation rate but mostly the effective factor the 

ability to dissolve both the components of polymer blend adequately. The selection of 

solvents to fulfil such conditions is a fine art, based on experience, trial and error, and 

intuition guided by such rules of thumb as "like likes like" and different meanings of 

solvent strength. The various existing solubility rules for estimation of solubility 

parameter are: Hildebrand solubility parameter, aromatic character, Kauri-Butanol 

number, heptane number, wax number, aniline cloud point, and solubility grade. The 

Hildebrand solubility factor is considered to be the best amongst all since it could be 

applied to almost all the systems and therefore used more extensively. We have also 
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attempted to examine the impact of solvents on miscibility and hence the mechanical 

behavior of the blends. The Hildebrand solubility parameter is calculated considering the 

extent of Vander Waals force, which is expressed in the form of a numerical value that 

indicates the relative solvency behavior of a specific solvent, and derived from the CED 

of the solvent, that is derived from the heat of vaporization (ΔHv) [183, 184]. The 

relationship between Van der Waals forces, solubility, and heat of vaporization will 

become. 

 𝛿 =  √C [
ΔH − RT

Vm
]1 2⁄  

Where C = Cohesive energy density, ΔHv=Heat of vaporization, R=Gas constant, 

T=Temperature and Vm=Molar volume 

This chapter has two main sections. 

Section4.1. Solution State Studies 

4.1.1 Ternary blends of PS/PSAN/THF 

4.1.2 Ternary blends of PS/PSAN/DMF and Chloroform 

4.1.3 Ternary blends of PS/PSAN/Benzene and Acetone 

4.1.4 Rheological study of PS/PSAN/THF blend system 

Section4.2. Solid State (Solution-Cast) Studies 

4.2.1 Solution-cast ternary blends of PS/PSAN/THF 

4.2.2 Solution-cast ternary blends of PS/PSAN/DMF and Chloroform 

4.1 Solution State Studies 

4.1.1 PS/PSAN/THF 
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Reduced viscosity data for PS, PSAN and their blends at various temperatures is shown 

in Table 3. Whereas the reduced viscosity (ηsp/c) vs. concentration plots of PS, PSAN and 

their blends obtained at various temperatures (20, 25, 30, 35, and 40°C) are shown in 

Figure 1 a-e. Though the plots were linear in the investigated concentration range 

showing no crosses over but there can be a chance of crosses over if the concentration 

was increased further as these were not exactly parallel. Though the crossover of the plots 

may give a clue of immiscibility but is not a reliable source of such information as 

concluded by Kulshreshta et al. [185] for ABS/PVC and Omar et al. [186] for PVC/PS. 

Therefore, it was hard to conclude anything precisely about the miscibility at this stage. A 

small variation in the slopes of all the Huggin’s plots at all temperatures indicated 

repulsive interactions between the component polymers which were responsible for 

immiscibility and hence phase separation of the blend [187].  
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Table 3 Reduced viscosity data for PS, PSAN and PS/PSAN/THF blends measured 

at various temperatures 

Conc. 0/100 30/70 50/50 70/30 100/0 

  Temperature=20°C    

0.25 0.7589 0.7509 0.7322 0.7418 0.7089 

0.50 0.7768 0.7657 0.7484 0.7544 0.7268 

0.75 0.7971 0.7829 0.7685 0.7737 0.7498 

1.0 0.8232 0.8098 0.7879 0.7955 0.7718 

  Temperature=25°C    

0.25 0.7544 0.7455 0.7267 0.7311 0.7033 

0.50 0.7714 0.7598 0.7416 0.7493 0.7188 

0.75 0.7909 0.7764 0.7581 0.7644 0.7409 

1.0 0.8163 0.8019 0.7804 0.7896 0.7616 

  Temperature=30°C    

0.25 0.7458 0.7349 0.7181 0.7217 0.6945 

0.50 0.7621 0.7502 0.7355 0.7422 0.7169 

0.75 0.7818 0.7699 0.7532 0.7601 0.7301 

1.0 0.8059 0.7935 0.7716 0.7798 0.7514 

  Temperature=35°C    

0.25 0.7351 0.7238 0.7088 0.7166 0.6839 

0.50 0.7505 0.7389 0.7259 0.7314 0.7041 
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0.75 0.7697 0.7569 0.7411 0.7501 0.7188 

1.0 0.7922 0.7804 0.7608 0.7705 0.7392 

  Temperature=40°C    

0.25 0.7242 0.7111 0.6964 0.7008 0.6813 

0.50 0.7378 0.7274 0.7121 0.7202 0.6939 

0.75 0.7537 0.7419 0.7277 0.7368 0.7186 

1.0 0.7788 0.7581 0.7414 0.7528 0.7302 

 

 

Figure 1(a) Huggins’ Plots for different PS/PSAN blend compositions (1% w/v) at 

20°C 
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Figure 1(b) Huggins’ Plots for different PS/PSAN blend compositions (1% w/v) at 

25°C 

 

Figure 1(c) Huggins’ Plots for different PS/PSAN blend compositions (1% w/v) at 

30°C 
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Figure 1(d) Huggins’ Plots for different PS/PSAN blend compositions (1% w/v) at 

35°C 
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Figure 1(e) Huggins’ Plots for different PS/PSAN blend compositions (1% w/v) at  

40°C 

 

 

 

 

The intrinsic viscosity values of the neat polymers and their blends were obtained from 

the intercepts of reduced viscosity vs. concentration profiles (Figure 1 a-e) as per 

Equation (5). The intrinsic viscosity values for PSAN were higher than PS in THF at all 

temperatures (Figure 2) indicating that THF was a better solvent for PSAN than PS. 

PSAN-THF and the interactions were more favorable than PS-THF. This was probably 

due to the fact that both THF and PSAN both are polar, whereas PS is non-polar. It 
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caused more swelling of PSAN than PS chains in THF due to “like dissolves like” rule. 

This is why intrinsic viscosity [η] is also sometimes employed as an experimental tool to 

check the solvation power of solvent [188]. The intrinsic viscosity of both the polymers 

and their blends decreased with the increase in temperature since rise in temperature 

causes deterioration in the solvent and hence interactions were decreased, results a 

decrease in viscosity. 

The experimental intrinsic viscosity of the blend obtained from Figure 1a-e and 

theoretical intrinsic viscosities obtained through Equation (7) are plotted vs. wt. fraction 

of PS in the blend and are shown in Figure 2 and tabulated in Table 4. 

 

 

 

 

 

 

 

 

Table 4 Theoretical and experimental intrinsic viscosities of PS/PSAN/THF blends 

at various temperatures 

 

   Wt.fraction of PS 

 

0.3 0.5 0.7 
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Temp. (°C) 

20 [η]Th 0.7209 0.711 0.7012 

[η]Exp 0.7289 0.7125 0.7213 

25 [η]Th            0.717 0.7069 0.6969 

[η]Exp 0.7244 0.711 0.7073 

30 [η]Th 0.7099 0.6913 0.7029 

[η]Exp 0.7133 0.7006 0.7001 

35 [η]Th 0.6999 0.6903 0.6808 

[η]Exp 0.7031 0.6913 0.6971 

40 [η]Th 0.6915 0.6753 0.6834 

[η]Exp 0.6957 0.6845 0.6818 
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Figure 2 Intrinsic viscosities [Experimental and Theoretical] vs weight fraction of 

PS in the PS/PSAN/THF blend at different temperatures 

 

 

 

It was noted that the experimental intrinsic viscosity values were slightly greater than the 

theoretical ones for all the blend compositions at all temperatures (20-40°C), with the 

only exception of composition, 70/30 (0.7 wt. fraction of PS in the blend) at 30 and 40°C. 

0.62

0.66

0.7

0.74

0.3 0.5 0.7

[η
] m

(d
L/

g)

Weight fraction of PS in the PS/PSAN/THF Blend

20°C

25°C

30°C

35°C

40°C



xcvii 
 

It means that all other blend compositions were immiscible except 70/30, which seemed 

to be miscible to a very small extent. 

The values of Δ[η]m [41], ΔB [36], µ [36], α [43] and β [44] obtained from Equations (6, 

10, 12, 13 and 14), respectively were plotted versus weight fraction of PS in the blend at 

20,25,30,35 and 40°C for different blend compositions (Figure 3 a-e) and their values are 

tabulated in Tables 5.  

 

 

 

 

 

 

 

 

 

 

Table 5 Miscibility parameters proposed by various scientists and measured 

             at 20–40°C 

Wt. fraction of PS        20°C               25°C               30°C               35°C              40°C 
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 Garcia et al. [30] (Δ[η]m)  

0.3                                0.0015            0.0041             0.0034             0.0010           0.0042 

0.5                                0.0201            0.0104             0.0116             0.0163           0.0092 

0.7                                0.0080            0.0074            -0.0005             0.0032         -0.0016 

Chee [12] (ΔB) 

0.3                              -0.0074           -0.0062             0.0002               -0.0019         -0.0012 

0.5                              -0.0128           -0.0095            -0.0055               -0.0058         -0.0100 

0.7                              -0.0102           -0.0042             0.0014                 0.0009         -0.0080 

Chee [12] (µ) 

0.3                             -3.0446           -2.4701              0.0921               -0.8281         -0.7316 

0.5                             -5.2664           -3.7848             -2.5327               -2.5279         -6.0967 

0.7                             -4.1967           -1.6733              0.6447                 0.3922         -4.9382 

Sun et al. [32] (α) 

0.3                            -0.0178           -0.0161             -0.0012                 -0.0097        -0.0198 

0.5                            -0.0338           -0.0224             -0.0109                 -0.0124        -0.0209 

0.7                            -0.0206           -0.0103             -0.0023                  0.0061        -0.0053 

Jiang et al. [33] (β) 

0.3                             -0.0099           -0.0079             -0.0011                -0.0036        -0.009 

0.5                             -0.0109           -0.0083             -0.0055                -0.0054        -0.0105 

0.7                             -0.0059           -0.0052             -0.0004                 0.0014        -0.0014 
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Figure 3 (a) Plots of Δ[η]m vs weight fraction of PS in the PS/PSAN/THF blend 

measured at different temperatures 

 

 

Figure 3 (b) Plots of ΔB vs weight fraction of PS in the PS/PSAN/THF blend 

measured at different temperatures 
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Figure 3 (c) Plots of µ vs weight fraction of PS in the PS/PSAN/THF blend measured 

at different temperatures 

 

 

Figure 3 (d) Plots of α vs weight fraction of PS in the PS/PSAN/THF blend 

measured at different temperatures 
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Figure 3 (e) Plots of β vs weight fraction of PS in the PS/PSAN/THF blend measured 

at different temperatures 
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It has already been mentioned in the introduction part (section 1.5.1 viscometry) that the 

negative values of Δ[η]m [41] and positive values of ΔB [36], µ [36], 𝛼 [43], β [44] 

parameters indicate miscibility of the blend and vice versa. It is clear from the various 

plots of interaction parameters that the only miscibility ΔB and µ showed negative values 

for PS/PSAN (50/50) blend composition at all temperatures indicating its immiscibility. 

Both the parameters showed small positive values for PS/PSAN (30/70) composition 

only at 30°C and for (70/30) composition at 30 and 35°C indicated compatibility of the 

blend which was attributed to the so-called “repulsive effect” generally shown by the 

systems consisting of a homopolymer and a copolymer or two different copolymers for 

certain range of copolymer composition even though combination of the corresponding 

homopolymer is immiscible [189-191].  ΔB and µ are in close agreement with each other 

in connection of miscibility or immiscibility of the blend for all compositions and 

temperatures. 𝛼 and β also showed negative values and hence immiscibility for all 

compositions at all temperatures with the only exception of 70/30 composition at 35°C 

for which they showed small positive values indicative of its compatibility which were 

assigned to the repulsive effect as mentioned earlier [189-191]. 𝛼 and β were also found 

to be in close agreement with each other in connection to miscibility of the blend or 

otherwise.  

There was partial disagreement between ΔB, µ and 𝛼, β values with reference to 

miscibility of the blend. The former two interaction parameters showed positive values 

for 30/70 and 70/30 blend compositions at 30°C whereas the latter two parameters 

showed negative values for the same composition at 30°C. Similar observations were also 

made by others [187, 192]. 
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The plots of Δ[η]m vs. weight fraction of PS obtained at various temperatures (20-40°C) 

for all compositions (Figure 3) showed positive deviations indicating phase separation or 

immiscibility. According to Garcia approach [41], the negative deviation indicates 

miscibility [38, 41, 43], however, in our case the values of Δ[η]m <0.1 dL/g estimated 

from Equation (6) suggested very weak or no interaction between PS and PSAN in the 

blend of 70/30 composition; showing negative deviation at 30 and 40°C [189-191]. Thus 

according to Garcia approach [41], PS/PSAN/THF blend was immiscible for all 

investigated compositions and temperatures.  

One thing found common in plots of almost all the parameters was that immiscibility 

reached maxima for 50/50 and minima for 30/70 and 70/30 blend compositions. It was 

concluded that when either of the component of the blend was present in larger 

proportion relative to the other, the interactions were strong enough to overcome the 

phase separation and hence responsible for increase in the extent of miscibility of these 

compositions. These results suggested very weak secondary forces between the 

constituents, PS and PSAN, of the blend. Physical entanglements, some similarity in 

chemical structure of styrene part of PS and PSAN [77], and the intra-molecular repulsive 

effect of homopolymer copolymer system [189-191] could be the only non-bonding 

interactions present in our blend system.  

To verify the immiscibility of the blend under consideration and the validity of the above 

mentioned equations, the differences in density and refractive index with respect to 

weight percentage of PS in PS/PSAN/THF blend are listed in Tables 6 and 7 and 

displayed in Figures 4 a-d and 5 a-d, respectively.  
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Table 6 Density values of PS/PSAN/THF blend measured for various composition 

and temperatures 

Conc. (%)          Temp. (°C) 

 

Wt. % of PS 

20 25 30 35 40 

0.25 0 0.9922 0.9908 0.9891 0.9871 0.9848 

30 0.9886 0.9872 0.9859 0.9841 0.9821 

50 0.9850 0.9839 0.9825 0.9811 0.9787 

70 0.9891 0.9875 0.9859 0.9844 0.9821 

100 0.9848 0.9839 0.9826 0.9808 0.9786 

0.5 0 0.9958 0.9948 0.9932 0.9914 0.9889 

30 0.9912 0.9900 0.9882 0.9866 0.9849 

50 0.9889 0.9873 0.9855 0.9837 0.9818 

70 0.9946 0.9921 0.9902 0.9881 0.9859 

100 0.9907 0.9884 0.9869 0.9851 0.9834 

0.75 0 0.9987 0.9975 0.9959 0.994 0.9916 

30 0.9944 0.9931 0.9914 0.9895 0.9874 

50 0.9923 0.9906 0.9887 0.9869 0.9847 

70 0.9973 0.9956 0.9939 0.9919 0.9897 

100 0.9938 0.9921 0.9901 0.9878 0.9853 

1.0 0 1.0023 1.0008 0.9987 0.9965 0.9938 

30 0.9976 0.9963 0.9947 0.9927 0.9899 

50 0.9913 0.9894 0.9878 0.9855 0.9831 

70 0.9963 0.9951 0.9937 0.9916 0.9892 

100 0.9891 0.988 0.9867 0.9849 0.9828 
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Figure 4 (a) Plots of density vs weight percent of PS in the PS/PSAN/THF  

                     blend for 0.25 % concentration at various temperatures 

 

 

Figure 4 (b) Plots of density vs weight percent of PS in the PS/PSAN/THF   

                      blend for 0.5 % concentration at various temperatures 
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Figure 4 (c) Plots of density vs weight percent of PS in the PS/PSAN/THF 

                     blend for 0.75 % concentration at various temperatures 

 

 

Figure 4 (d) Plots of density vs weight percent of PS in the PS/PSAN/THF 

                      blend for 1.0 % concentration at various temperatures 
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Table 7 Refractive index values of different concentrations of PS/PSAN/THF  

               blend measured for various composition and temperatures 

Conc. (%)      Temp. °C) 

 

Wt. % of PS 

20 25 30 35 40 

0.25 0 1.4048 1.4043 1.4040 1.4037 1.4030 

30 1.4054 1.4049 1.4046 1.4041 1.4037 

50 1.4050 1.4044 1.4042 1.4037 1.4030 

70 1.4057 1.4051 1.4049 1.4043 1.4035 

100 1.4060 1.4056 1.4054 1.4049 1.4041 

0.5 0 1.4039 1.4036 1.4031 1.4023 1.4012 

30 1.4052 1.4047 1.4042 1.4033 1.4021 

50 1.4046 1.4041 1.4035 1.4028 1.4018 

70 1.4058 1.4051 1.4045 1.4038 1.4029 

100 1.4065 1.4060 1.4056 1.4048 1.4038 

0.75 0 1.4053 1.4053 1.4051 1.4046 1.4035 

30 1.4062 1.4063 1.4059 1.4048 1.4035 

50 1.4046 1.4044 1.404 1.4029 1.4017 

70 1.4053 1.4052 1.4048 1.4034 1.402 

100 1.4061 1.4060 1.4057 1.4046 1.4035 

1.0 0 1.4057 1.4051 1.4047 1.4043 1.4034 

30 1.4060 1.4058 1.4054 1.4046 1.4039 

50 1.4055 1.4054 1.4052 1.4041 1.4033 

70 1.4064 1.4061 1.4058 1.4050 1.4032 

100 1.4068 1.4065 1.4060 1.4053 1.4044 
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Figure 5 (a) Plots of refractive index vs weight percent of PS in the PS/PSAN/THF 

blend for 0.25 % concentration at various temperatures 

 

 

Figure 5 (b) Plots of refractive index vs weight percent of PS in the PS/PSAN/THF 

blend for 0.5 % concentration at various temperatures 
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Figure 5 (c) Plots of refractive index vs weight percent of PS in the PS/PSAN/THF 

blend for 0.75 % concentration at various temperatures 

 

 

Figure 5 (d) Plots of refractive index vs weight percent of PS in the PS/PSAN/THF 

blend for 1.0 % concentration at various temperatures 
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The nonlinear variation of density and refractive index with the weight % of PS for 

various blend compositions indicated immiscibility of the examined blend [193].  It was 

also observed that the density and refractive index of the blend under consideration 

varied larger than those of the neat components and revealed that the blend under study 

was immiscible [194]. Similar observations were also made by Rajulu et al. [195] for 

PVP/PMMA in mixed solvents (DMF+Cyclohexanone). These figures also indicated a 

decrease in density and refractive index with the increase in temperature.  

Rajulu et al. [195] employed these techniques for investigation of miscibility of Cellulose 

acetate/PMMA system where nonlinear variations of the ultrasonic velocity and 

refractive index with blend composition were attributed to the immiscible behavior of the 

blend. Further Singh et al. [196] pointed out that linear variation of ultrasonic velocity 

and density vs. blend composition shows miscibility and S or inverted S-shaped curves 

immiscibility of blends [196]. These observations not only indicated the precision of our 

findings but also proved the reliability of the techniques employed and validity of the 

above mentioned equations. Further, they also confirmed the immiscible nature of the 

PS/PSAN/THF blend system. 

4.1.2 PS/PSAN/DMF and PS/PSAN/Chloroform 

Huggins’ plots, based on the reduced viscosity (ηsp/C) data of PS, PSAN and their blend 

compositions (30/70, 50/50 and 70/30) in CHCl3 and DMF at 20, 30 and 40°C, are 

presented in Figures 6 a-c and 7 a-c, respectively and their values are tabulated in Table 

8.  
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Table 8 Reduced viscosity data for PS, PSAN, PS/PSAN/CHCl3 and  

              PS/PSAN/DMF blends measured at various temperatures 

Solvent 

       Comp. (%) 

 

 Conc. (g/dL) 0/100 30/70 50/50 70/30 100/0 

CHCl3 

Temperature = 20°C 

0.25 1.792 1.734 1.647 1.685 1.484 

0.5 1.825 1.758 1.671 1.704 1.517 

0.75 1.862 1.793 1.695 1.728 1.567 

1 1.906 1.833 1.735 1.756 1.619 

Temperature = 30°C 

0.25 1.744 1.675 1.617 1.646 1.552 

0.5 1.771 1.707 1.639 1.675 1.577 

0.75 1.814 1.743 1.675 1.696 1.614 

1 1.852 1.785 1.707 1.734 1.653 

Temperature = 40°C 

0.25 1.685 1.624 1.588 1.609 1.507 

0.5 1.713 1.657 1.615 1.638 1.528 

0.75 1.747 1.696 1.644 1.675 1.569 

1 1.794 1.743 1.681 1.702 1.606 

DMF 

Temperature = 20°C 

0.25 0.742 0.655 0.585 0.512 0.438 

0.5 0.761 0.672 0.616 0.558 0.471 

0.75 0.784 0.698 0647 0.603 0.517 

1 0.809 0.724 0.674 0.652 0.552 

Temperature = 30°C 

0.25 0.728 0.639 0.567 0.485 0.421 

0.5 0.749 0.669 0.598 0.509 0.457 

0.75 0772 0.688 0627 0.532 0.483 

1 0.798 0.713 0.663 0.569 0.514 

Temperature = 40°C 

0.25 0.698 0.605 0.527 0.453 0.402 

0.5 0.726 0.629 0.559 0.474 0.423 

0.75 0.757 0.654 0.594 0.507 0.448 

1 0779 0.687 0.626 0.532 0.479 
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Figure 6(a) Reduced viscosity vs concentration plots for PS, PSAN and their  

                   blends in CHCI3 at 20°C for different blend compositions 

 

Figure 6(b) Reduced viscosity vs concentration plots for PS, PSAN and their  

                   blends in CHCI3 at 30°C for different blend compositions 
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Figure 6(c) Reduced viscosity vs concentration plots for PS, PSAN and their 

                  blends in CHCI3 at 40°C for different blend compositions 

 

Figure 7(a) Reduced viscosity vs concentration plots for PS, PSAN and their  

                   blends in DMF at 20°C for different blend compositions 
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Figure 7(b) Reduced viscosity vs concentration plots for PS, PSAN and 

                   their blends in DMF at 30°C for different blend compositions 

 

 

Figure 7(c) Reduced viscosity vs concentration plots for PS, PSAN and 

                  their blends in DMF at 40°C for different blend compositions 
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The plots in both solvents were parallel and had no cross overs in the investigated 

concentration range. Though a crossover of the reduced viscosity versus concentration 

plots would indicate immiscibility of the blend [185] but that is not always true and 

hence, is not a reliable technique, as concluded by others for various systems [29, 30]. It 

is, therefore, not possible to conclude about the miscibility of the blend based only on this 

data. It can be noted from Figures 8 and 9 that b11, b22 and b12, the slopes of the reduced 

viscosity versus concentration of the individual components and their blend were positive 

for all the blend compositions, irrespective of the nature of solvent. According to Katime 

et al. [197], the positive values of b12 indicate miscibility between component polymers 

and vice versa. However, Shanfeng et al. [198] showed that a blend system having 

positive values of b12 does not guarantee its miscibility. We also faced the same situation 

in our PS/PSAN/CHCl3 blend system, in which the refractive index and density data 

indicated immiscibility of the said blend, though the miscible blends with negative values 

of b12 are also reported [186,199]. The sign of b12 is, therefore, not a reliable parameter for 

the characterization of polymer-polymer miscibility. We plotted the slopes (b11, b22 and 

b12) versus composition of the blend in Figures 8 and 9 for PS/PSAN/CHCl3 and 

PS/PSAN/DMF systems, respectively and results are also listed in Table 9. In the same 

figures we have also joined the b11 and b22 values to indicate the trend of additive effect. 

Figure 8 indicates that the b12 slopes for CHCl3 solvent at 20°C were smaller than the 

expected additive values, irrespective of blend composition, indicating that the blends 

were supposedly immiscible.  However, for 30 and 40°C the b12 slope values were higher 

in the case of 30/70 and lower in the case of 50/50 and 70/30 than the expected additive 

values, indicating that 30/70 was supposedly miscible and others were immiscible. Figure 
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9 indicated that the b12 slope values for 30/70 in DMF at 20 and 30°C and for 50/50 at 

20°C were smaller (showing negative deviation) than the expected additive values thus 

indicating immiscibility, whereas, the blends were miscible for rest of the compositions 

and temperatures due to higher b12 slope values (showing positive deviation) than the 

expected additive values [200]. The effect of temperature and composition on the 

miscibility of the PS/PSAN/DMF blend system was higher than that of the 

PS/PSAN/CHCl3 system; this may be attributed to the various thermodynamic 

interactions [189-191] and the effect of temperature on mutual interaction of polymers in 

solution [201].  

The intrinsic viscosity values of PS and PSAN in CHCl3 and DMF (Table 10) were 

obtained from the intercepts of reduced viscosity vs. concentration profiles. The intrinsic 

viscosity values for PS and PSAN in CHCl3 were much higher than in DMF at all 

temperatures (Figure 10), indicating that CHCl3 was a better solvent for both PS and 

PSAN than DMF. 

 

 

 

 

 

 

 



cxvii 
 

Table 9 Slope values for PS, PSAN and their blends in DMF and  

              CHCl3 at various temperatures 

Solvent Composition (%) Temperature (°C)   Slope values 

DMF 

0/100 (b22) 

20 0.0896 

30 0.0932 

40 0.1096 

30/70 (b12) 

20 0.0932 

30 0.0964 

40 0.1084 

50/50 (b12) 

20 0.1192 

30 0.1268 

40 0.1328 

70/30 (b12) 

20 0.186 

30 0.11 

40 0.108 

100/0 (b11) 

20 0.1552 

30 0.122 

40 0.1024 

CHCl3 

0/100 (b22) 

20 0.1516 

30 0.1468 

40 0.1444 

30/70 (b12) 

20 0.1328 

30 0.1464 

40 0.1584 

50/50 (b12) 

20 0.1152 

30 0.1224 

40 0.1232 

70/30 (b12) 

20 0.0948 

30 0.144 

40 0.1264 

100/0 (b11) 

20 0.182 

30 0.136 

40 0.1352 
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Figure 8 Plots of slopes of PS, PSAN and their blends versus weight percent  

              of PS in PS/PSAN/CHCl3 blends at various temperatures 

 

Figure 9 Plots of slopes of PS, PSAN and their blends versus weight percent  

              of PS in  PS/PSAN/DMF blends at various temperatures  
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Hence PS-CHCl3 and PSAN-CHCl3 interactions were more favorable than PS-DMF and 

PSAN-DMF interactions which caused more solvation of PS and PSAN chains in CHCl3, 

resulting in the increase in [η] of both polymers in CHCl3 [188]. Though PS, PSAN and 

their blends showed high [η] in CHCl3 than in DMF as shown in Figure 10 (Table 10) yet 

they were more mutually miscible in the DMF, as observed by Melad et al. [199] for 

PMMA/PS blends in THF and DMF.  
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Table 10 Intrinsic viscosity data for PS, PSAN, PS/PSAN/CHCI3 and 

PS/PSAN/DMF blends at various temperatures  

 

Solvent Blend Comp.  (%) Temperature (°C) Intrinsic Viscosity (dL/g) 

CHCl3 

0/100 

20 1.7515 

30 1.7035 

40 1.6445 

30/70 

20 1.6965 

30 1.636 

40 1.581 

50/50 

20 1.615 

30 1.583 

40 1.555 

70/30 

20 1.659 

30 1.6165 

40 1.577 

100/0 

20 1.433 

30 1.514 

40 1.468 

DMF 

0/100 

20 0.718 

30 0.703 

40 0.6715 

30/70 

20 0.619 

30 0.617 

40 0.576 

50/50 

20 0.556 

30 0.5345 

40 0.4935 

70/30 

20 0.465 

30 0.455 

40 0.424 

100/0 

20 0.3975 

30 0.3925 

40 0.374 
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Figure 10 Intrinsic viscosities (experimental) of PS and PSAN in CHCI3 and DMF 

obtained from reduced viscosity vs. concentration plots at various 

temperatures 
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The only plausible explanation for this is that an increased intrinsic viscosity, [η], of 

polymers and their blend in a given solvent may represent the solvent power [205] but 

not necessarily miscibility of the blend in the given solvent [199]. In brief, the polymer-

polymer interaction can be either attractive or repulsive, depending on the solvent used 

[202].In our case, PS/PSAN/DMF showed attractive whereas PS/PSAN/CHCl3 showed 

repulsive forces. 

The values of the various viscometric parameters such as ΔB [37], µ [37], Δ[η]m [41], α 

[43] and β [44] were computed using Equations 10, 12, 6, 13 and 14, respectively. The 

plots of these parameters vs. wt. fraction of PS in the PS/PSAN/CHCl3 and 

PS/PSAN/DMF blends at 20, 30 and 40°C for different blend compositions are displayed 

in Figures 11 a-e and 12 a-e and their values are tabulated in Tables 11 and 12, 

respectively. 
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Table 11 Miscibility parameters proposed by various scientists and  

                measured at 20-40oC for PS/PSAN/CHCI3 blends 

Chee [37] (ΔB)  

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.034 0.005 0.018 

0.5 -0.052 -0.019 -0.017 

0.7 -0.072 -0.027 -0.014 

Chee [37] (µ) 

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.335 0.139 0.579 

0.5 -0.513 -0.529 -0.547 

0.7 -0.710 -0.752 -0.450 

Sun et al. [43] α 

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.0118 0.0018 0.0075 

0.5 -0.0206 -0.0058 -0.0067 

0.7 -0.0382 -0.0128 -0.0087 

Jiang et al. [44] (β) 

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.0074 0.00004 0.0022 

0.5 -0.0105 -0.0030 -0.0034 

0.7 -0.0140 -0.0049 -0.0031 

Garcia et al. [41] (Δ[η]m)  

Wt. fraction of PS 20°C 30°C 40°C 

0.3 0.0406 -0.0106 -0.0105 

0.5 0.0228 -0.0257 -0.0012 

0.7 0.1305 0.0452 0.0561 
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Figure 11 (a) Plots of ΔB vs weight fraction of PS in PS/PSAN/CHCI3 blend at 

various temperatures 

 

Figure 11 (b) Plots of µ vs weight fraction of PS in PS/PSAN/CHCI3 blend at various 

temperatures 
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Figure 11 (c) Plots of α vs weight fraction of PS in PS/PSAN/CHCI3 blend at various 

temperatures 
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Figure 11 (d) Plots of β vs weight fraction of PS in PS/PSAN/CHCI3 blend at various 

temperatures 
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Figure 11 (e) Plots of Δ[η]m vs weight fraction of PS in PS/PSAN/CHCI3 blend at 

various temperatures 
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Table 12 Miscibility parameters proposed by various scientists and measured at 20-

40oC for PS/PSAN/DMF blends 

Chee [37] (ΔB)  

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.0174 -0.0262 0.0024 

0.5 -0.0032 0.0192 0.0268 

0.7 0.0636 0.0024 0.0019 

Chee [37] (µ) 

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.1689 -0.2709 0.0272 

0.5 -0.0311 0.1985 0.3038 

0.7 0.6175 0.0248 0.0215 

Sun et al. [43] (α) 

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.0027 -0.0188 0.0112 

0.5 -0.0004 0.0869 0.1604 

0.7 0.3115 0.0509 0.1147 

Jiang et al. [44] (β) 

Wt. fraction of PS 20°C 30°C 40°C 

0.3 -0.138 -0.133 0.013 

0.5 -0.026 0.059 0.126 

0.7 0.448 0.145 0.181 

Garcia et al. [41] (Δ[η]m)  

Wt. fraction of PS 20°C 30°C 40°C 

0.3 0.008 0.008 -0.006 

0.5 -0.001 -0.013 -0.029 

0.7 -0.028 -0.03 -0.036 

 



cxxix 
 

 

Figure 12 (a) Plots of ΔB vs weight fraction of PS in PS/PSAN/DMF blend at  

                       various temperatures 

 

 

Figure 12 (b) Plots of µ vs weight fraction of PS in PS/PSAN/DMF blend at 

                       various temperatures 
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       Figure 12 (c) Plots of α vs weight fraction of PS in PS/PSAN/DMF blend at various 

temperatures 

 

Figure 12 (d) Plots of β vs weight fraction of PS in PS/PSAN/DMF blend at various 

temperature 
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Figure 12 (e) Plots of Δ[η]m vs weight fraction of PS in PS/PSAN/DMF blend at 

various temperature 
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On the basis of the sign conventions defined earlier in the theoretical section, results for 

the ΔB, µ, α and β parameters showed miscibility only for the 30/70 blend composition of 

PS/PSAN/CHCl3 system at 30 and 40°C. There was a complete agreement among ΔB, µ, 

𝛼 and β values in terms of the miscibility and/or immiscibility of PS/PSAN/CHCl3 blends 

at all temperatures; however the Δ[η]m parameter for the PS/PSAN/CHCl3 blend showed 

negative deviation and hence miscibility for the 50/50 composition in addition to the 

30/70 composition at 30 and 40°C. A disagreement between Δ[η]m and the other 

parameters was also observed for poly (styrene)/cis-1, 4-polybutadiene/THF and poly 

(vinyl chloride)/poly (dimethylsiloxane)/THF systems by Melad et al. [186]. The results 

of these parameters for the PS/PSAN/DMF system were both temperature and 

composition dependent. The miscibility was improved with the increase in PS content of 

the blend as well as with the rise in temperature. All the parameters were in close 

agreement in terms of slight or partial miscibility of the 30/70 composition at 40°C, 50/50 

composition at 30 and 40°C, and 70/30 composition for PS/PSAN/DMF blend system at 

all investigated temperatures. The only disagreement was shown again by the parameter 

Δ[η]m for the 50/50 blend at 20°C; indicating its miscibility whereas the rest of the 

parameters showed immiscibility for the said composition. Thus, in the light of the results 

for the said parameters, the PS/PSAN/CHCl3 blend can be classified as an immiscible 

blend system at all compositions and temperatures with the only exception being 30/70 

composition at 30 and 40°C. In the PS/PSAN/DMF blend system, composition, 30/70, 

showed miscibility at 40°C only; 50/50 at  30 and 40°C; and 70/30 at all temperatures. 

Thus, PS/PSAN/DMF was classified as a partially miscible blend system. For 

highlighting the impact of solvent, composition and temperature the results obtained 
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through the α parameter are summarized in Table 13. Based on the results of the present 

work and those reported by Khan and Baloch [203], the PS/PSAN blends’ miscibility was 

favored by using DMF as solvent as compared to CHCl3 or THF.  
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Table 13 𝛼 values for different compositions of PS/PSAN blends in different  

                solvents (CHCI3, DMF and THF) at various temperatures 

Temperature 

(oC) 

 

Composition 

PS/PSAN 

(%) 

Solvent  α value Remarks 

20 30/70 

 

CHCl3 -0.0118 Immiscible 

DMF -0.0027 Immiscible 

THF -0.0178 Immiscible 

50/50 CHCl3 -0.0206 Immiscible 

DMF -0.0004 Immiscible 

THF -0.0338 Immiscible 

70/30 CHCl3 -0.0382 Immiscible 

DMF 0.3115 Miscible 

THF -0.0206 Immiscible 

30 30/70 CHCl3 0.0018 Miscible 

DMF -0.0188 Immiscible 

THF -0.0012 Immiscible 

50/50 CHCl3 -0.0058 Immiscible 

DMF 0.0869 Miscible 

THF -0.0109 Immiscible 

70/30 CHCl3 -0.0128 Immiscible 

DMF 0.0509 Miscible 

THF -0.0023 Immiscible 

40 30/70 CHCl3 0.0075              Miscible 

DMF 0.0112 Miscible 

THF -0.0198 Immiscible 

50/50 CHCl3 -0.0067 Immiscible 

DMF 0.1604 Miscible 

THF -0.0209 Immiscible 

70/30 CHCl3 -0.0087 Immiscible 

DMF 0.1147 Miscible 

THF -0.0053 Immiscible 

 

 

The density and refractive indices of the PS/PSAN blends in CHCl3 and DMF were 

measured at 20, 30 and 40°C (Table 14) and plotted in Figures 13-16. Figures 13 and 14 
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indicated that both the density and refractive index varied non-linearly with the variation 

in composition of the blend in case of CHCl3 as observed for THF [203], this indicated 

the PS/PSAN/CHCl3 blend system was immiscible [92], irrespective of composition and 

temperature. Figures 15 and 16 displayed both linear and non-linear trends indicating the 

partial miscibility of the PS/PSAN/DMF blend. According to Kim et al. [204], a linear 

variation of density and refractive index with composition of the blend indicates 

miscibility whereas a non-linear variation indicates immiscibility of the blend. 

 

 

 

 

 

 

 

 

 

 

Table 14 Refractive index and density data for 1% (w/v) of PS/PSAN/Chloroform 

and PS/PSAN/DMF blend solutions at different temperatures 
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Solvent Wt. % of 

PS in the 

Blend  

Refractive Index Density (g/cm3) 

CHCl3 20°C 30°C 40°C 20°C 30°C 40°C 

0 
1.442 1.438 1.433 1.528 1.524 1.519 

30 
1.439 1.434 1.430 1.523 1.519 1.513 

50 
1.437 1.431 1.427 1.518 1.514 1.509 

70 
1.441 1.436 1.432 1.523 1.520 1.515 

100 
1.439 1.433 1.428 1.521 1.516 1.510 

DMF 0 
1.424 1.421 1.416 0.987 0.983 0.969 

30 

1.429 1.424 1.417 0.993 0.986 0.971 

50 

1.422 1.419 1.418 0.982 0.979 0.973 

70 

1.428 1.421 1.419 0.991 0.983 0.976 

100 

1.425 1.423 1.421 0.989 0.987 0.980 
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Figure 13 Plots of density vs weight percent of PS in 1 % (w/v) PS/PSAN/CHCI3 

blend at various temperatures  

 

Figure 14 Plots of refractive index vs weight percent of PS in 1% (w/v) 

PS/PSAN/CHCI3 blend at various temperatures 
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Figure 15 Plots of density vs weight percent of PS in 1% (w/v) PS/PSAN/DMF 

                  blend at various temperatures 

 

 

Figure 16 Plots of refractive index vs weight percent of PS in 1 % (w/v) 

PS/PSAN/DMF blend at various temperatures 
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4.1.3 PS/PSAN/ Acetone and PS/PSAN/ Benzene 

The reduced viscosity (ηsp/C) vs. concentration plots for PS, PSAN, and their blends of 

different compositions (30/70, 50/50 and 70/30) in Acetone and Benzene measured at 20, 

30, and 40°C, are presented in Figures 17 a-c and 18 a-c, respectively. The Huggins plots 

for PS/PSAN/Acetone were linear showing no cross overs in the investigated 

concentration range indicating miscibility for the said blend system. However, the 

Huggins plots for PS/PSAN/Benzene blend system were not parallel and showed cross 

overs at 40°C only, indicating immiscibility of the blend [185].  

The reduced viscosity data for PS, PSAN and their blends in Acetone and Benzene, 

obtained at 20, 30, and 40°C, is tabulated in Table 15. The values of the various 

viscometric parameters such as ΔB [37], µ [37], and α [43] were computed employing 

Equations 10, 12, and 13, respectively, and using the above stated data are given in Table 

16. The plots of these parameters vs. wt. fraction of PS in the PS/PSAN/ Acetone and 

PS/PSAN/Benzene blend systems at 20, 30, and 40°C for various blend compositions are 

shown in Figures 19 a-d and 20 a-d, respectively. 
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Table 15 Reduced viscosity data for PS, PSAN, PS/PSAN/Acetone  

               and PS/PSAN/Benzene blends measured at 20, 30 and 40°C 

       Temp.(°C) 

   

Solvent 

               

Conc.                    0/100 30/70 50/50 70/30 100/0 

Acetone 20 0.25 0.814 0.735 0.669 0.595 0.515 

0.5 0.832 0.758 0.681 0.619 0.533 

0.75 0.847 0.769 0.685 0.636 0.549 

1.0 0.869 0.781 0.695 0.658 0.568 

30 0.25 0.579 0.676 0.592 0.511 0.424 

0.5 0.771 0.689 0.617 0.532 0.446 

0.75 0.796 0.717 0.645 0.556 0.475 

1.0 0.805 0.734 0.661 0.582 0.509 

40 0.25 0.688 0.617 0.538 0.466 0.387 

0.5 0.715 0.636 0.554 0.493 0.411 

0.75 0.737 0.689 0.581 0.525 0.447 

1.0 0.762 0.699 0.619 0.555 0.464 

Benzene 20 0.25 1.318 1.375 1.341 1.283 1.216 

0.5 1.356 1.412 1.378 1.325 1.264 

0.75 1.391 1.456 1.405 1.367 1.304 

1 1.433 1.487 1.441 1.414 1.358 

30 0.25 1.048 1.137 .973 0.881 0.819 

0.5 1.112 1.173 1.002 0.926 0.852 

0.75 1.139 1.227 1.057 0.964 0.903 

1 1.158 1.268 1.124 0.998 0.966 

40 0.25 0.989 1.009 0.938 0.882 0.813 

0.5 1.014 1.064 1.002 0.914 0.847 

0.75 1.068 1.126 1.068 0.951 0.896 

1 1.112 1.203 1.117 1.006 0.948 
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Figure 17(a) Reduced viscosity vs concentration plots for PS, PSAN and  

                      their blends in Acetone at 20°C 

 

 

Figure 17(b) Reduced viscosity vs concentration plots for PS, PSAN and 

                       their blends in Acetone at 30°C 

0.3

0.5

0.7

0.9

0 0.25 0.5 0.75 1

R
e

d
u

ce
d

 V
is

co
si

ty
  (

d
L/

g)

Concentration (g/dL)

(a) 20°C

0/100 30/70 50/50 70/30 100/0

0.32

0.52

0.72

0.92

0 0.25 0.5 0.75 1

R
e

d
u

ce
d

 V
is

co
si

ty
 (

d
L/

g)

Concentration (g/dL)

(b) 30°C

0/100 30/70 50/50 70/30 100/0



cxlii 
 

 

Figure 17(c) Reduced viscosity vs concentration plots for PS, PSAN and  

                      their blends in Acetone at 40°C 

 

 

Figure 18(a) Reduced viscosity vs concentration plots for PS, PSAN and  

                      their blends in Benzene at 20°C 

 

0.28

0.48

0.68

0.88

0 0.25 0.5 0.75 1

R
e

d
u

ce
d

 V
is

co
si

ty
 (

d
L/

g)

Concentration (g/dL)

(c) 40°C

0/100 30/70 50/50 70/30 100/0

1.05

1.25

1.45

1.65

0 0.25 0.5 0.75 1

R
e

d
u

ce
d

 V
is

co
si

ty
 (

d
L/

g)

Concentration (g/dL)

20°C

0/100 30/70 50/50 70/30 100/0



cxliii 
 

 

Figure 18(b) Reduced viscosity vs concentration plots for PS, PSAN and  

                      their blends in Benzene at 30°C 

 

 

Figure 18(c) Reduced viscosity vs concentration plots for PS, PSAN and 

                      their blends in Benzene at 40°C 
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Table 16 Different interaction parameters measured at 20, 30, and 40oC  

               for PS/PSAN/ Acetone and PS/PSAN/Benzene blend systems 

Wt. % 

of PS in 

the 

blend 

Temp. 

(°C) 

               PS/PSAN/ Acetone                 PS/PSAN/Benzene 

ΔB µ α Remarks ΔB µ α Remarks 

30                   

20 

-0.0114 -0.1284 -0.0294 Immiscible -0.0064 -0.3249 -0.0061 Immiscible 

                  

30 

-0.0085 -0.0696 -0.0036 Immiscible 0.0090 0.0225 0.0260 Miscible 

                  

40 

0.0057 0.1284 0.0088 Miscible 0.0821 0.2446 0.0719 Miscible 

50                   

20 

0.0042 0.0473 0.0130 Miscible -0.0066 -0.3350 -0.0097 Immiscible 

                  

30 

0.0046 0.0377 0.0168 Miscible 0.0334 0.0834 0.0330 Miscible 

                  

40 

0.0060 0.0650 0.0324 Miscible 0.0658 0.1960 0.0692 Miscible 

70                 

20 

0.0114 0.1284 0.0438 Miscible 0.0154 0.7817 -0.0016 Immiscible 

                  

30 

0.0466 0.3816 0.2623 Miscible -0.0142 -0.0355 -0.0362 Immiscible 

                  

40 

0.0173 0.1874 0.1225 Miscible -0.0116 -0.0345 -0.0331 Immiscible 
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Figure 19 (a) Plots of ΔB vs weight fraction of PS in PS/PSAN/Acetone  

                       blend at various temperatures 

 

 

Figure 19 (b) Plots of µ vs weight fraction of PS in PS/PSAN/Acetone  

                        blend at various temperatures 
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Figure 19 (c) Plots of α vs weight fraction of PS in PS/PSAN/Acetone  

                     blend at various temperatures 

 

 

Figure 20 (a) Plots of ΔB vs weight fraction of PS in PS/PSAN/Benzene blend 

                                              at various temperatures 
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Figure 20 (b) Plots of µ vs weight fraction of PS in PS/PSAN/Benzene blend at  

various temperatures 

 

 

Figure 20 (c) Plots of α vs weight fraction of PS in PS/PSAN/Benzene blend at  

various temperatures 
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Based on the sign convention described earlier in the theoretical section, the results for 

the ΔB, µ, and α parameters concluded miscibility over the entire composition and 

temperature range for PS/PSAN/ Acetone system with the only exception of 30/70 blend 

composition at 20 and 30°C. There was a complete agreement among different 

interaction parameters (ΔB, µ, and 𝛼) regarding miscibility and/or immiscibility of 

PS/PSAN/ Acetone blend system for various blend compositions at all temperatures. The 

effect of composition and temperature on miscibility was quite clear for the PS/PSAN/ 

Acetone blend system because the magnitude of different parameters increased with the 

increase in PS contents of the blend and increase in temperature, indicating increased 

strength of polymer-polymer interactions and hence enhancement in miscibility. The 

results of these parameters (ΔB, µ, and 𝛼) for the PS/PSAN/Benzene system were more 

composition and almost temperature independent. The only disagreement observed 

between Chee (ΔB and µ) and Sun’s (𝛼) parameters in terms of the miscibility, for the 

PS/PSAN/Benzene system, was for the composition, 70/30 at 20°C. Similar disagreement 

were also observed by Jayaraju et al. and Varada et al. for chitosan/poly(vinyl 

pyrrolidone) and epoxy/unsaturated polyester resin, respectively [204, 209]. Since 

parameter, α, is more reliable than the parameters, ΔB and µ, and hence decision 

regarding miscibility of the composition, 70/30, at 20°C was made on the basis of 

parameter, α [43].The PS/PSAN/Benzene blend system showed miscibility only for 

composition, 30/70 and 50/50 at 30 and 40°C. On the other hand, the same blend system 

showed immiscibility for compositions, 30/70, 50/50 at 20°C only and for 70/30 at all the 

investigated temperatures. Though, the small magnitude of positive values of various 

parameters for both the blend systems indicated the weak nature of the secondary forces 
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present between the blend components, but at the same time the relatively greater 

magnitude of positive values for the PS/PSAN/ Acetone blend system than the 

PS/PSAN/Benzene blend system; that also confirm the impact of solvent on miscibility.  

For further confirmation, we measured refractive index and density of both the blend 

systems at various temperatures. The values of refractive index and density for the 

PS/PSAN/ Acetone, and PS/PSAN/Benzene blends are tabulated in Table 17. The 

variation in refractive index and density vs. wt. percent of PS in the PS/PSAN/ Acetone 

blend showed both linear and non-linear parts thereby confirming its partial miscibility. 

The variations are linear for the said blend system when PS contents are equal to or more 

than 50 wt. % at all the investigated temperatures as shown in Figures 21 a and b. These 

findings for the PS/PSAN/Acetone blend system not only support the results of different 

interaction parameters but also indicate miscibility window for the said system.  

On the other hand, the refractive index and density vs. wt. percent of PS in the 

PS/PSAN/Benzene plots are non-linear indicating immiscibility of the said blend system 

(Figures 22 a and b), which seemed to be in contradiction with the findings of various 

interaction parameters for the PS/PSAN/Benzene blend. Different viscometric 

parameters, though, indicated semi compatibility for the said blend system but to a very 

small extent as indicated by very small magnitude of the positive values. Although, the 

density and refractive index results agree to some extent with those of Huggins’ plots 

showing cross overs and hence immiscibility for the said blend system [185]. This 

contradiction in the results may be attributed to the very weak nature of interactions 

between the blend components in Benzene. Acetone is, therefore, classified as a better 

solvent than Benzene, regarding miscibility of the PS/PSAN blend system. 
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Table 17 Refractive index and density data for 1% (w/v) of PS/PSAN/ Acetone  

               and PS/PSAN/ Benzene blend solutions at different temperatures 

Solvent Wt. % 

of PS in 

the 

blend  

                     Refractive Index                       Density (g/cm3) 

Acetone 20°C 30°C 40°C 20°C 30°C 40°C 

0 1.421 1.414 1.405 0.851 0.842 0.831 

30 1.424 1.418 1.408 0.8523 0.844 0.833 

50 1.423 1.415 1.406 0.850 0.841 0.829 

70 1.422 1.411 1.403 0.849 0.840 0.831 

100 1.416 1.406 1.395 0.844 0.836 0.828 

Benzene 0 1.459 1.442 1.428 1.569 1.552 1.545 

30 1.450 1.432 1.421 1.562 1.544 1.533 

50 1.455 1.437 1.425 1.572 1.559 1.547 

70 1.457 1.440 1.427 1.564 1.546 1.529 

100 1.441 1.425 1.415 1.555 1.539 1.525 
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Figure 21(a) Plots of refractive index vs weight percent of PS in  

                    PS/PSAN/Acetone blend at various temperatures 

 

 

Figure 21 (b) Plots of density vs weight percent of PS in PS/PSAN/ Acetone blend at 

various temperatures 
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Figure 22 (a) Plots of refractive index vs weight percent of PS in PS/PSAN/Benzene 

blend at various temperatures 

 

 

Figure 22 (b) Plots of density vs weight percent of PS in PS/PSAN/Benzene blend  

                     at various temperatures 
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4.1.4 Rheological study of PS/PSAN/THF blend system  

Figure 23 a-e indicates log plots of shear stress versus shear rate, and plots of shear 

viscosity (η) versus shear rate for PS, PSAN, and their blends at ambient temperature. 

The shear viscosity of PS/PSAN/THF blend system decreased with increase in shear rate, 

exhibiting shear thinning behavior which continued till last but was quite high up to 50s-1. 

However, a steady increase in shear stress with shear rate was observed. Shear viscosity 

and shear stress values of PS (100/0) remained higher than those of PSAN (0/100) almost 

over the entire shear rate range of 5-100s-1. Moreover, shear viscosity and shear stress 

values for the entire blend (30/70, 50/50, 70/30) compositions were higher than either of 

the neat polymers over the entire measured range of shear rate, which confirm 

immiscibility of the blend under study [203]. Since blends having shear viscosity and 

shear stress values intermediate to those of neat polymers are considered to be miscible 

whereas those having values less or more than those of neat polymers are classified as 

immiscible. Bhatia et al. [205] showed both miscibility as well as immiscibility for 

various blend compositions of PLA/PBS system at 200°C, whereas Wanchoo et al. [206] 

revealed miscibility for chitosan/hydrophilic blends as different blend compositions 

possessed intermediate values of shear viscosity and shear stress to those of the 

component polymers.   
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Figure 23 (a) Shear viscosity and shear stress vs shear rate plots for  

                     PS/PSAN/THF (0/100) blend 

 

Figure 23 (b) Shear viscosity and shear stress vs shear rate plots for  

                      PS/PSAN/THF (30/70) blend 
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Figure 23 (c) Shear viscosity and shear stress vs shear rate plots for  

                     PS/PSAN/THF (50/50) blend 

 

 

Figure 23 (d) Shear viscosity and shear stress vs shear rate plots for 

                     PS/PSAN/THF (70/30) blend 
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Figure 23 (e) Shear viscosity and shear stress vs shear rate plots for 

                     PS/PSAN/THF (100/0) blend 
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In order to examine the extent of miscibility of PS/PSAN/THF blend system, the zero 

shear viscosity vs frequency plots were used (Figure 24). All the blend compositions, 

30/70, 50/50, and 70/30 showed positive deviations from the additivity rule thereby 

indicating miscibility. But the extent of positive deviation was largest for 50/50 blend 

composition indicating high degree of miscibility between the blend components for the 

said composition, probably due to better dispersion of one phase into the other resulting 

in the better adhesion of the two phases. The zero shear viscosity vs frequency results 

agree with the solid state characterization results of the same blend indicating partial 

miscibility. 
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Figure 24 Zero shear viscosity vs weight percent of PS in PS/PSAN/THF blend 
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The complex viscosities of the pure polymers and their blends as a function of frequency 

at ambient temperature are displayed in Figure 25. Both the principal polymers, PS 

(100/0) and PSAN (0/100), showed a strong decrease in viscosity with frequency at low 

frequencies up to 3.162 rad/s, and beyond that it became almost constant. Blend 

composition, 50/50, exhibited almost same behavior as the neat polymers. However, 

viscosity of the other two blend compositions, 30/70 and 70/30 was almost independent 

of the frequency over the entire range of frequency. The complex viscosity of PS (100/0) 

was lower than that of PSAN (0/100) over the entire frequency range, however their 

difference decreased with the increase in frequency. The complex viscosity data for 

composition, 50/50, became comparable to that of pure PS (100/0) beyond 3.162 rad/s. 

These observations indicated that the addition of less viscous PS (100/0) to more viscous 

PSAN (0/100) did not alter the viscosity of PSAN considerably at lower frequency for 

50/50 blend. However, the other two blend compositions, 30/70 and 70/30, showed 

values lower than the neat polymers over the complete frequency range. Moreover, these 

two blend compositions also showed almost Newtonian behavior over the measured 

frequency range.  Since only one of the blend composition (50/50) showed complex 

viscosity values intermediate to those of the component polymers [205, 206], whereas the 

other two blend compositions, 30/70 and 70/30, displayed viscosities lower than the neat 

polymers [203]. These findings reveal very small window of miscibility between the 

blend components probably due to very weak intermolecular interactions between them 

[76, 90, 91, 189-191] which are in line with our FTIR findings for solid state 

characterization of the blend under study.   
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Figure 25 Complex viscosity vs frequency plots for different PS/PSAN/THF blend 

compositions  
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Storage (G') and loss (G") moduli were also plotted as a function of frequency ranging 

from 1-10 rad/s, as shown in Figures 26 and 27. Both the moduli exhibited almost same 

behavior for neat polymers as well as their blends at various frequencies. PSAN (0/100) 

showed higher G' and G" values than PS (100/0) over the entire frequency range. Blend 

compositions, 30/70 and 70/30, showed storage and loss moduli values lower than those 

of the pure polymers over the investigated frequency range of 1-10 rad/s indicating 

immiscibility [203], whereas for composition, 50/50, they were found to be in between 

those of the neat polymers revealing miscibility of the said composition, [205, 206].  
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Figure 26 Storage modulus vs frequency plots for different PS/PSAN/THF  

                  blend compositions  

 

 

Figure 27 Loss modulus vs frequency plots for different PS/PSAN/THF  

                blend compositions  
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Information regarding extent of miscibility between the blend components can also be 

inferred from the rheological parameters versus composition plots. The miscibility of the 

polymer blends can be roughly determined from the deviation of the viscoelastic function 

from that predicted by the log additivity rule, which is expressed as under; 

log Fb =  ϕm  log Fm +  ϕd logFd                                                     (15)               

Where F is a given viscoelastic function; ϕ is a volume fraction; and subscripts b, m, and 

d indicate the values for blend, the matrix, and dispersed phase, respectively [207]. The 

miscibility of the polymer blends can be roughly determined from the deviation of the 

viscoelastic function from that predicted by the log additivity rule. More recently, Utraki 

[208] classified the blends system by the trend of rheological parameters-composition, 

that is, blend system can be divided into three types by experimental data of rheological 

parameters vs. composition: (1) positive deviation, (2) negative deviation, and (3) 

positive/negative deviation. Moreover, number of scientists tried to find the relationships 

between rheological properties and miscibility of blends by using these rheological 

properties composition curves at constant shear rate (or frequency) [209-214]. From 

rheological point of view, positive deviation shows miscibility, negative deviation shows 

immiscibility, and positive/negative deviations indicate partial miscibility between the 

blend components [205]. 

In order to investigate the miscibility of the blend as well as to observe the effect of 

composition on the rheological properties at various frequencies, we plotted the complex 

viscosity-composition, Storage modulus-composition, and Loss modulus-composition 

plots in Figures 28, 29, and 30, respectively.  
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In the case of complex viscosity, loss modulus, and storage modulus versus composition 

plots all the blend compositions showed negative deviation from the rule of mixture at the 

measured frequency range. However, the extent of negative deviation observed for 50/50 

blend composition was least amongst all the blend composition studied. The difference in 

the extent of deviation of different blend composition from the additivity line indicate 

semi compatibility for the blend under study which support our DSC, TG, and tensile 

results found for the said blend system during its solid state characterization, which also 

revealed semi compatibility.  

In polymer blends, it is general trend that for miscible blends the viscoelastic properties 

of the blends are intermediate to those of the component polymers [215]. However, there 

are exceptions, that is, blends having intermediate rheological values than those of 

constituents as well as following the additive rule are also immiscible [216]. Similarly, 

many researches discussed extent of miscibility based on the experimental observation in 

terms of positive, negative, and positive/negative deviations, but there are many 

exceptions to this too [209, 210]. It is, therefore, concluded that the PS/PSAN/THF blend 

is thermodynamically immiscible but mechanically compatible due to some similarity in 

structures of the component polymers. Similar results were also found by I.A. Hussein et 

al. [217] for Nitrile butadiene rubber (NBR)/hydrogenated nitrile butadiene rubber 

(HNBR) 
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Figure 28 Complex viscosity vs weight percent of PS in PS/PSAN/THF blend at 

various frequencies 

 

 

Figure 29 Storage modulus vs weight percent of PS in PS/PSAN/THF blend at 

various frequencies  
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Figure 30 Loss modulus vs weight percent of PS in the PS/PSAN/THF blend at 

various frequencies 
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4.2 Solid State (Solution-Cast) Studies 

4.2.1 Solution-cast ternary blends of PS/PSAN/THF  

The morphology has a strong impact on the properties of polymer blends [218-220]. The 

SEM images for different PS/PSAN blend (25/75, 50/50 and 75/25) compositions are 

displayed in Figures 31 a-c. PS/PSAN blend (25/75 and 75/25) compositions (Figures 

31a and c) clearly showed that the PS and PSAN domains were dispersed on a fine scale 

in the PSAN and PS continuous phases, respectively. It can thus be concluded that the 

interfacial adhesion between the two phases in the said compositions was rather good, 

thereby, confirming the presence of some favorable interactions [189-191]. However, 

composition 50/50 had a phase separated, rough morphology (Figure 23b) due to weak 

Vander Waal’s interaction between the two phases [221]. The morphological 

observations supported partial miscibility of the blend. 
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Figure 31 (a) SEM images of PS/PSAN/THF (25/75) blend  

 

 

 

Figure 31 (b) SEM images of PS/PSAN/THF (50/50) blend    
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Figure 31 (c) SEM images of PS/PSAN/THF (75/25) blend  
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It has been reported that the miscibility of PPO/PS blends could be accounted by a strong 

Vander Waals interaction between the phenyl rings of the PPO and PS [222]. Thus, we 

investigated the IR peaks of the phenyl rings of PS, PSAN and their blends by FTIR 

spectra and for pure PS, PSAN, and their blends (0/100, 25/75, 50/50, 75/25 and 100/0) 

are depicted in Figures 32 a-e. The phenyl ring C=C out-of-plane (OOP) bending, C-H 

aromatic deformation vibration, C-H aromatic bending, C=C aromatic ring stretching, 

and C≡N vibration in PSAN (0/100) were at 698.51, 758.75, 1452.68, 1493.57 and 

1602.34, and at 2237.39 cm-1, respectively (Table 18). A detailed analysis of FTIR 

spectra of PS, PSAN, and their blends indicated a decrease in transmittance of these 

peaks with the increase in PS content of the blend. Thus, the decrease in these vibration 

frequencies with the increase in PS contents of the blend could be accounted for by 

Vander Waals interactions between the phenyl rings of the PS and PSAN. The partial 

miscibility of PS/PSAN blend is thus likely to be the result of Vander Waals interaction 

between the phenyl rings of the PS and PSAN [77, 91]. DSC scans of PS, PSAN and their 

blend films were performed and displayed in Figures 33 a-e. 
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        Figure 32 (a) FTIR spectra of pure PSAN (0/100/THF) 

 

 

            Figure 32 (b) FTIR spectra of PS/PSAN/THF (25/75) blend 
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            Figure 32 (c) FTIR spectra of PS/PSAN/THF (50/50) blend 

 

           Figure 32 (d) FTIR spectra of PS/PSAN/THF (75/25) blend 
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              Figure 32 (e) FTIR spectra of pure PS (100/0/THF) 
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Table 18 FTIR results for PS, PSAN, and PS/PSAN/THF blends in wave numbers 

(cm-1) 

Solvent   Bonds 

 

PS: 

PSAN 

C-C or C-H  

OOP 

bending 

C-H 

aromatic 

bending 

C=C 

aromatic 

ring 

stretching 

C≡N C-H 

aromatic 

stretching  

THF 0:100 637.77 

and 

1028.71 

1452.68 1493.57 2237.39 2924.95 

 and 

 3026.48 

25:75 620.14 

 and  

1028.36 

1452.68 1493.29 2237.44 2921.89  

and  

3026.71 

50:50 621.10  

and  

1028.32 

1452.56 1493.19 2237.92 2922.98  

and 

 3026.37 

75:25 623.32  

and  

1028.15 

1452.25 1493.13 2237.75 2923.52 

and  

3026.42 

100:0 1027.86 1451.84 1492.55 ----------- 2921.53 

 and 

 3025.47 
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DSC scans of PS, PSAN and their blend films were performed and displayed in Figures 

33 a-e. Tg’s obtained from mid-point of the slope of DSC thermograms [223] are listed in 

Table 19. PS and PSAN films showed single Tg at 92 and 121°C, respectively. The blend 

composition, 25/75, showed single composition dependent Tg whereas compositions, 

50/50 and 75/25, showed two Tg’s [92], indicating partial miscibility of the blend [224]. 

The inetractions responsible for the partially miscibility may be uniform distribution of 

the homopolymer within the corresponding block domain may be attributed to some 

structural similarities in the blend components due to common styrene units, along with 

other secondary forces [77, 91, 189-191].   
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           Figure 33 (a) DSC thermogram of neat PSAN (0/100) 

 

                Figure 33 (b) DSC thermogram of PS/PSAN/THF (25/75) blend 
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          Figure 33 (c) DSC thermogram of PS/PSAN/THF (50/50) blend 

 

            Figure 33 (d) DSC thermogram of PS/PSAN/THF (75/25) blend 
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         Figure 33 (e) DSC thermogram of neat PS (100/0) 
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Table 19   Tg values of PS, PSAN and PS/PSAN/THF blends 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PS/PSAN Blend 

Composition  

Tg1 (°C) Tg2 (°C) 

00/100  121 

25/75 111  

50/50 91 123 

75/25 91 121 

100/00 92  
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All the thermograms indicated single-stage degradation. Minor weight losses for the neat 

polymers and their blends observed from 30-100°C were assigned to solvent evaporation. 

Thermograms, indicating weight % as a function of temperature for PS, PSAN and their 

blends are shown in Figures 34 a-e. The major weight losses, happening beyond 350°C, 

were due to structural decomposition of the polymers [225]. The obtained data indicated 

that thermal degradation of PS was considerably slowed down by the incorporation of 

PSAN in the blends.  The higher degradation temperatures for 25/75 and 75/25 blend 

composition as compared to 50/50 and neat polymers were attributed to some favorable 

interactions between blend components [77, 90, 91, 189-191]. In order to highlight the 

impact of blending over the thermal stability during the degradation process, the effect of 

temperature on thermal stability of PS, PSAN, and PS/PSAN/THF blends was indicated, 

for any weight %. Thermal stability for pure polymers, and various blend compositions 

was in the order 25/75 > 75/25 > 0/100 ˃ 100/0 ˃ 50/50. Thermogravimetric results also 

favored partial miscibility of the blend under study (Table 20).  
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Figure 34 TG thermograms for PS, PSAN and PS/PSAN/THF blends 
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Table 20 Thermal data obtained from TGA thermograms of PS, PSAN, and 

PS/PSAN/THF blends 

Temp. (°C) Weight percent of PS, PSAN, and PS/PSAN/THF blends at various temperatures 

 0/100 25/75 50/50 75/25 100/0 

100 99 99 98.7 99.4 99.6 

150 98 98 98 98.7 99.3 

200 95 96 96.3 95.6 98.2 

250 94 95.5 95.4 94.6 97.4 

300 93.5 95 94 93.7 96.7 

350 91 93 88.6 89.7 89.5 

370 85.5 88.6 80.3 84.3 79.6 

400 51 59.6 45.4 54.4 35 

410 27 34.7 27 33.1 14 

420 9.5 13.3 13.5 14.5 2.7 

432 0.2 0.28 0.24 0.3 0.1 
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Normally, the mechanical properties of polymer blends remain in the limits of neat 

polymers and depend upon the degree of miscibility [226]. A linear relationship between 

mechanical properties and blend composition indicates miscibility of the system. 

However, positive and negative deviations from the linear relationship indicate 

enhancement in miscibility and immiscibility between blend components, respectively 

[227]. Mechanical property measured for neat polymers and their blends as a function of 

wt. % of PS in the blend are shown in Figures 35-39, and their values are tabulated in 

Table 21. 

Keeping in view the fact that mechanical properties of the resulting blend mainly depend 

upon the properties of its components, we connected the values 0 wt. % to 100 wt. % for 

PS by a dotted line indicating weighted average. The elongation at break showed positive 

deviation from simple additivity over the entire composition range, indicating the better 

interfacial adhesion between the blend components and hence enhancement in ductility 

(Figure 35). Despite positive deviation, a steady decrease in elongation at break for 

different PS/PSAN blend (25/75, 50/50, 75/25) compositions with the increase in wt. % 

of PS in the blend was also observed which might be attributed to the decrease in 

interfacial adhesion between two phases with the increase in PS contents. The plausible 

explanation for this was that by increasing the amount of PS in the blend, the styrene 

proportion contributed by PS increased but at the same time decreased in styrene 

proportion contributed by PSAN also occurs, which resulted in weakening of Vander 

Waals interaction between the two phases due to the fact that the homopolymer (PS) 

chains could not be solubilized into the block domains of the same type (PSAN) provided 

that the molecular mass of the former was the same as or less than that of the latter [228]. 
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Moreover, decrease in PSAN content in the blend was also responsible for deterioration 

of elongation at break [229]. 

Energy to break also indicated positive deviation from rule of mixture for the blend 

(25/75 and 75/25) compositions. However, the composition, 50/50, neither showed 

positive nor negative deviation but just lied on the dotted line (Figure 36). The highest 

energy to break value for blend composition, 25/75, among various blend (50/50 and 

75/25) compositions indicated rather good adhesion between the dispersed and matrix 

phases due to better phase dispersion which resulted in the improvement in plastic nature 

of the said composition as compared to the other blend (50/50 and 75/25) compositions 

[77, 90, 91, 228].  

Strain at break showed almost same behavior as that of elongation at break. All the three 

blend compositions indicated positive deviation from the simple additivity (Figure 37). 

These results confirmed the presence of some favorable interactions [189-191] between 

the blend components that are strongest in composition, 25/75.  

The tensile strength (TS) is an important characteristic of polymeric materials because it 

showed the limit of final stress for most applications. The TS of all the blend composition 

showed positive deviation from the dotted line (Fig.38). There was an increase in TS 

from 0/100 (pure PSAN) to composition, 25/75. Beyond composition, 25/75, a rapid fall 

in TS values occurred reaching finally its minimum value for 100/0 (pure PS). These 

results suggested a partial compatibility between PS and PSAN. Miscibility resulted from 

physical entanglements, some similarity in chemical structure of PS and PSAN [77, 90, 

91], the intra-molecular repulsive effect of homopolymer copolymer system [206-208], in 

addition to the superior tensile strength of PSAN [229].  
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The Young’s modulus of the blends also showed positive deviation from rule of mixture 

that decreased with increase in PS contents of the blend (Figure 39). Young’s modulus 

was affected by the blend composition, too. Efficient interfacial adhesion between the 

component polymers [77, 90, 189-191] could be accounted for the observed higher 

young’s modulus of composition, 25/75, than the other two compositions (50/50 and 

75/25). Young’s modulus vs weight percent of PS showed almost same trend as was 

observed in case of tensile strength.  
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Table 21 Mechanical properties data for PS/PSAN/THF blend 

PS (Weight percent) Elongation @ break (mm) 

0 55.27 

25 93.37 

50 85.52 

75 80.51 

100 49.98 

 

Energy to break (N.m) 

0 0.006 

25 0.021 

50 0.004 

75 0.005 

100 0.002 

 

Tensile strength (MPa) 

0 56.34 

25 94.48 

50 70.28 

75 58.73 

100 49.86 

 

Young's modulus (MPa) 

0 884.27 

25 961.97 

50 867.05 

75 798.89 

100 756.98 

  

 

Strain@ break (%) 

0 21.27 

25 35.91 

50 32.69 

75 30.97 

100 19.22 
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Figure 35 Elongation at break vs weight percent of PS in the PS/PSAN/THF blend 

 

 

Figure 36 Energy to break vs weight percent of PS in the PS/PSAN/THF blend 
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Figure 37 Strain at break vs weight percent of PS in the PS/PSAN/THF blend 

 

 

Figure38 Tensile strength vs weight percent of PS in the     PS/PSAN/THF blend 
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Figure 39 Young's modulus vs weight percent of PS in the PS/PSAN/THF blend 
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4.2.2 Solution-cast ternary blends of PS/PSAN/DMF and PS/PSAN/Chloroform 

Blend morphology is considered to be a good indicator of blend miscibility [230-233]. 

Interfacial adhesion between the phases plays decisive role in controlling the extent of 

dispersion of dispersed phase, and hence the end properties of the blend. This is why 

synergism in end properties is generally observed for small sized dispersed phase due to 

better compatibility of the blend components [230, 232, 234]. SEM micrographs for 

PS/PSAN/DMF, and PS/PSAN/CHCl3 solution-cast blend films of various (25/75, 50/50 

and 75/25) compositions are displayed in Figures 40 a-c, and 41a-c, respectively. SEM 

images of all the blend compositions, irrespective of the type of casting solvent, showed 

typical immiscible blend morphology having varying domain size. However, the 

dispersion of dispersed phase in the matrix, and hence interfacial adhesion on the 

micrographs for PS/PSAN/DMF blend compositions (Figure 40a-c) is better than that for 

PS/PSAN/CHCl3 blend compositions (Figure 41a-c) indicating DMF to be a better 

solvent than CHCl3 regarding compatibility of PS/PSAN blend [235]  
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Figure 40 (a) SEM micrograph for PS/PSAN/DMF (25/75) blend 

 

 

Figure 40 (b) SEM micrograph for PS/PSAN/DMF (50/50) blend 
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Figure 40 (c) SEM micrograph for PS/PSAN/DMF (75/25) blend 

 

 

Figure 41 (a) SEM micrograph for PS/PSAN/Chloroform (25/75) blend 
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Figure 41 (b) SEM micrograph for PS/PSAN Chloroform (50/50) blend 

 

 

Figure 41 (c) SEM micrograph for PS/PSAN/ Chloroform (75/25) blend 
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FTIR spectra of PS, PSAN, and their blend films obtained by solution casting technique 

from the DMF, and CHCl3 were measured in the frequency range 3500-600 cm-1 and 

displayed in the Figures 42, and 43, respectively. In PSAN the peak centered at 2237 cm-1 

is attributed to the −C≡N group, and is of interest because any interaction would shift the 

peak positioning. Tables 22, and 23 show different vibration frequencies of 

PS/PSAN/DMF, and PS/PSAN/CHCl3 blends.  However, no appreciable shifts in this 

peak or any other peaks in the PS/PSAN/DMF or PS/PSAN/CHCl3 blends were observed 

confirming the absence of any specific interactions between the component polymers, 

thus favoring their immiscibility [92,221]. However, at the same time the presence of 

other possible interactions like chain entanglement, some similarities in structures, ring 

stacking, and homopolymer-copolymer intramolecular repulsive effects [189-191] cannot 

be avoided at all, because they are generally not detected by the FTIR technique. Since 

FTIR technique works on the basis of electronic density displacements as a result of 

secondary (non-bonding) interactions but these forces are quite weak causing very small 

or no shifts at all in the electronic densities of the atoms or groups involved in such type 

of interactions, that is why they are not recognized by the FTIR technique [57-60, 222].  
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         Figure 42 (a) FTIR spectra of pure PSAN (0/100/DMF) Film 

 

          Figure 42 (b) FTIR spectra of PS/PSAN/DMF (25/75/DMF) blend film 

 



cxcvi 
 

 

        Figure 42 (c) FTIR spectra of PS/PSAN/DMF (50/50/DMF) blend film 

 

 

        Figure 42 (d) FTIR spectra of PS/PSAN/DMF (75/25/DMF) blend film 
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             Figure 42 (e) FTIR Spectra of pure PS (100/0/DMF) film 
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Table 22 FTIR results for PS, PSAN, and their blends in DMF in wave numbers 

(cm-1) 

Solvent       

Bonds 

PS: 

PSAN 

C-C or C-H  

OOP 

bending 

C-H aromatic 

bending 

C=C 

aromatic 

ring 

stretching 

C≡N C-H 

aromatic 

stretching  

DMF 0:100 1028.17 1452.61 1493.50 2236.98 2922.77 

and  

3027.42 

25:75 1028.24 1452.62 1493.33 2237.22 2923.72 

and  

3027.19 

50:50 1028.83 1452.82 1493.43 2237.47 2923.49 

and  

3026.55 

75:25 1028.28 1452.14 1493.00 2237.31 2922.97 

and  

3025.95 

100:0 1027.99 1451.58 1492.53 ------------ 2922.31 

and  

3025.58 
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 Figure 43 (a) FTIR spectra of pure PS/PSAN/Chloroform (0/100/ CHCl3) film 

 

Figure 43 (b) FTIR spectra of PS/PSAN/Chloroform (25/75/CHCl3) blend film 
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     Figure 43 (c) FTIR spectra of PS/PSAN/Chloroform (50/50/CHCl3) blend  

                          film 

 

Figure 43 (d) FTIR spectra of PS/PSAN/Chloroform (25/75/CHCl3) blend film 
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    Figure 43 (e) FTIR spectra of PS/PSAN/Chloroform (100/0/CHCl3) blend film 
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Table 23 FTIR results for PS, PSAN, and their blends in Chloroform in wave 

numbers (cm-1) 

Solvent Bonds 

 

PS: 

PSAN 

C-C or C-H  

OOP 

bending 

C-H 

aromatic 

bending 

C=C 

aromatic 

ring 

stretching 

C≡N C-H aromatic 

stretching  

CHCl3 0:100 637.77  

and  

1028.71 

1452.63  1493.57 2237.7 2923.52 

and 

302642 

25:75 626.47  

and  

1027.98 

1452.07 1492.90 2237.4 2920.78 

and  

3026.08 

50:50 623.47  

and  

1027.85 

1452.08 1492.82 2237.3 2921.87  

and  

3025.89 

75:25 1027.88 1452.21 1492.89 2236.9 2920.49  

and  

3026.18 

100:0 1027.79 1451.70 1492.68 ----------- 2921.20  

and  

3025.05 
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The measurement of Tg is frequently used for the estimation of miscibility of polymer 

blends. Partially miscible blends show two Tg’s that are composition dependent, and the 

shifts in Tg values of the blend with respect to those of the pure polymers indicate the 

extent of component mixing [236]. Miscible blends show a single intermediate 

composition dependent Tg value, though a single Tg is not an efficient proof of the 

thermodynamic miscibility of the blend [19, 81]. However, in the case of totally 

immiscible blend system, the blend components retain their original Tg values that are 

independent of the blend composition [224, 237]. 

Using this idea for the assessment of miscibility, DSC scans of PS, PSAN, and their 

blend films obtained by solution casting technique from DMF, and CHCl3 were 

performed and displayed in Figures 44, and 45, respectively. Tg’s, like earlier this time 

too, were obtained from the mid-point of the slope of DSC thermograms [223] and are 

tabulated in Table 24. In the case of PS/PSAN/DMF blend system, the closeness in Tg 

values of the blend components was observed for all the blend compositions, however the 

extent of closeness was highest for the composition, 25/75, thereby confirming the partial 

miscibility (Figure 36), of the said blend system [90, 91, 224, 238]. On the other hand, in 

the case of the PS/PSAN/CHCl3 blend system, all the blend compositions showed two 

Tg
’s that remained almost constant for different blend compositions (Table 25), indicating 

heterogeneity of the said blend system [92, 224, 237]. 
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             Figure 44 DSC thermograms for PS, PSAN, and PS/PSAN/DMF blends 
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Table 24 Tg values of PS, PSAN, and PS/PSAN/DMF blends 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PS/PSAN Blend 

Composition  

Tg1 (°C) Tg2 (°C) 

0/100  120 

25/75 97 116 

50/50 91 118 

75/25 90 118 

100/0 89  
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          Figure 45 DSC thermograms for PS, PSAN, and PS/PSAN/Chloroform blends 
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Table 25 Tg values of PS, PSAN, and PS/PSAN/Chloroform blends 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PS/PSAN Blend 

Composition  

Tg1 (°C) Tg2 (°C) 

00/100  123 

25/75 96 122 

50/50 95 123 

75/25 95 123 

100/00 95  
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Thermal stability of PS, PSAN, and their blends was evaluated by TGA technique. The 

TGA curves of the PS, PSAN, and their blend films cast from solutions in DMF, and 

CHCl3 displayed single-stage degradation (Figures 46 and 47). By comparing the 

degradation temperatures of the polymers, and their blends cast from different solvents 

(DMF and CHCl3) it was observed that thermal degradation behavior was also affected 

by the choice of casting solvent but to a very small extent as very slight differences in the 

intensity of the temperature shifts were noted (Tables 26 and 27). The temperature shifts 

can be associated to the break of the type of interactions existing in the blend 

components. Out of the PS/PSAN blend films cast from DMF, only 25/75 displayed 

higher thermal stability than either of its component polymers revealing its partial 

miscibility due to some sort of interactions between the blend components which is 

responsible for better adhesion between the matrix and dispersed phases [189-191]. On 

the other hand, all other blend (50/50 and 75/25) compositions were less thermally stable 

than the neat polymers [92].  

In the case of PS/PSAN/CHCl3 blend system, all the blend compositions showed less 

thermal stability than the pure polymers confirming the phase separated nature of the 

blend. Moreover, the less thermal stability shown by PS/PSAN/ CHCl3 blend system also 

proved the fact that CHCl3 is not as good as DMF for PS/PSAN blend [235]. The TG 

results for both the blend systems are in line with their morphological, and DSC results. 
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Figure 46 TGA thermograms for PS, PSAN, and PS/PSAN/DMF blends 
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Table 26 TG data for PS, PSAN and their PS/PSAN/DMF blends 

Temp. (°C) Weight percent of PS, PSAN, and PS/PSAN/DMF blends 

 

0/100 25/75 50/50 75/25 100/0 

100 98.3 99.4 97.5 97.2 97.6 

150 97.2 98.7 96.2 96.4 96.8 

200 96.5 97.7 94.8 95.6 95.9 

250 95.3 96.8 93.6 93.7 94.3 

300 93.3 94.7 92.4 92.1 92.8 

350 89.1 90.6 87.4 87.2 88.4 

400 48.7 50.8 47.5 47.4 47.7 

420 5.9 8.5 5.2 4.9 5.6 

430 0.29 0.37 0.21 19 0.23 
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Figure 47 TGA thermograms for PS, PSAN, and PS/PSAN/Chloroform blends 
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Table 27 TG data for PS, PSAN and their PS/PSAN/Chloroform blends 

Temp.(°C) Weight percent of PS, PSAN, and PS/PSAN/CHCl3 blends 

 

0/100 25/75 50/50 75/25 100/0 

100 99.1 97.5 98 97.4 98.5 

150 99.3 97.1 97.5 96.6 98.5 

200 98.2 96.7 97.2 97.5 97.6 

250 97.3 95.4 95.9 94.8 96.6 

300 95 93.6 94 92.7 94.3 

350 90.4 88.1 88.9 87.2 89.6 

400 49.8 46.6 47.4 45.7 48.5 

420 9.3 6.8 7.5 5.9 8.2 

430 0.28 0.15 0.19 0.1 0.23 
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The effect of blend composition on the tensile properties of PS/PSAN/DMF blend has 

been studied (Table 28 and Figures 48-50). Elongation at break showed positive 

deviation from the rule of mixtures for composition, 25/75 indicating some favorable 

interaction between the blend components. However, beyond this composition negative 

deviation from the rule of mixture for all other blend (50/50 and 75/25) compositions was 

observed due to lack of favorable interactions between the blend components which 

resulted in the poor mechanical properties for the said compositions. This means that 

compatibility between PS and PSAN is possible whilst PS concentration is lower [189-

191].  

The enhancement in mechanical properties of the PS/PSAN/DMF blend composition, 

25/75, resulted from the partial miscibility of the blend components in the said 

composition. Partial miscibility between the constituents of a binary blend can be due to 

various types of interactions resulting in the better adhesion between the two phases. In 

the case of PS/PSAN/DMF blend system, the partial miscibility is most likely to be the 

result of the weak Van der Waals interactions, physical entanglements, and similarity in 

chemical structure of the component polymers. In support of this, it has been observed 

from DSC thermogram that the glass transition temperatures of the two components 

moved closer together compared to their location in the pure components [238, 239]. The 

positive deviation of the PS/PSAN/DMF blend composition, 25/75 in the elongation at 

break, tensile strength, and young’s modulus is attributed to the partial miscibility 

between the two components which leads to better interfacial adhesion.  

However, negative deviation of the tensile properties for the PS/PSAN/DMF blend 

compositions, 50/50 and 75/25, is attributed to the poor adhesion between the two phases 
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and hence immiscibility, and incompatibility of the blend components in the said 

compositions [92, 221, 237]. The mechanical properties results for different 

PS/PSAN/DMF blend compositions are in line with the SEM, FTIR, DSC, and TG 

results for the same blend system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ccxv 
 

Table 28 Mechanical properties Data for PS/PSAN/DMF blend system 

 

PS (Wt. %) Elongation @ break (mm) 

0 37.46 

25 44.23 

50 24.44 

75 18.75 

100 29.61 

 

Tensile strength (MPa) 

0 40.55 

25 45.78 

50 35.36 

75 29.15 

100 37.85 

 

Young's modulus (MPa) 

0 685.61 

25 580.45 

50 630.37 

75 674.52 

100 709.48 

 

 

 

 

 

 

 

 



ccxvi 
 

 

 

 

Figure 48 Elongation at break vs weight percent of PS in the PS/PSAN/DMF blend 

 

Figure 49 Tensile strength vs wt. % of PS in the PS/PSAN/DMF blend 
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Figure 50 Young’s modulus vs weight percent of PS in the PS/PSAN/DMF blend 
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The tensile properties such as elongation at break, tensile strength, and Young's modulus 

as a function of weight percent of PS in the PS/PSAN/CHCl3 blend are presented in 

Figures 51-53 (Table 29). All the PS/PSAN/CHCl3 blend compositions showed negative 

deviations from the rule of mixtures probably due to lack of any favorable interactions 

between its components which resulted in the immiscibility, and incompatibility of the 

blend [92, 221, 237].  

The elongation at break, and tensile strength reduced with increase in the PS contents up 

to 50/50 blend composition, and beyond this again an increase in these properties was 

observed.  However, young’s modulus of the blends increased continuously with increase 

in the wt. percent of PS in the blend (Figure 53). It was observed that the incorporation of 

the PS in the blends reduced the stiffness of the PS/PSAN/CHCl3 blend resulting in 

higher rigid properties. 

The tensile results of PS/PSAN/CHCl3 blend match very well with the SEM, FTIR, DSC, 

and TG results for the same blend system. 

 

 

 

 

 

 

 

 

 



ccxix 
 

Tables 29 Mechanical properties data for PS/PSAN/Chloroform blend system 

 

PS (Weight percent) Elongation @ break (mm) 

0 31.87 

25 28.58 

50 19.37 

75 22.49 

100 29.61 

  Tensile strength (MPa) 

0 32.65 

25 26.49 

50 21.62 

75 24.56 

100 30.77 

  Young's modulus (MPa) 

0 590.55 

25 568.73 

50 532.46 

75 558.81 

100 610.23 
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Figure 51 Elongation at break vs weight percent of PS in the PS/PSAN/Chloroform 

blend 

 

 

Figure 52 Tensile strength vs weight percent of PS in the PS/PSAN/Chloroform 

blend 
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Figure 53 Young’s modulus vs weight percent of PS in the   PS/PSAN/Chloroform 

blend 
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Blend solutions in benzene, and acetone were not characterized for their solid properties 

as they could not be cast into films. 

 

 

 

 

CHAPTER-5 

 

 



ccxxiii 
 

 

5-CONCLUSIONS 

It is a common practice that polymers are mixed together to get required properties, 

however, the properties of these mixtures depend upon several factors, including 

composition of the blend. Therefore, we carried out solution state studies on the 

PS/PSAN blends in THF, CHCI3, DMF, Acetone and Benzene in the temperature range 

of 20-40°C. The miscibility was investigated by employing simple, low-cost yet reliable 

physical techniques including viscosity, density, refractive index, and rheology 

measurements. Various interaction parameters were determined using the experimental 

viscosity data. On the basis of results obtained from the above techniques, the PS/PSAN 

blend was classified as partially miscible in DMF and almost immiscible in THF, CHCl3, 

Acetone and Benzene. It was also concluded that the influence of temperature and 

composition on the miscibility of the examined blend in DMF was higher than in other 

solvents. Density and refractive index measurements showed that the PS/PSAN/DMF 

blend was partially miscible, and PS/PSAN/THF, PS/PSAN/CHCl3, PS/PSAN/Acetone 

blends were almost immiscible in solution, while PS/PSAN/Benzene blend was 

completely immiscible. Thus it was concluded that the interactions in blends studied by 

the simple measurements of viscosity, interaction parameters, density, refractive index 

and rheology provided reliable information regarding miscibility and/or immiscibility of 

the binary blends in various solvents.  
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Morphological studies revealed heterogeneity for almost all the blend compositions of 

various blend system but with varying domain size which increased with the increase in 

PS contents. It was also observed that the domain size on the micrographs, and their 

roughness for different blend systems increased in the order; 

PS/PSAN/THF<PS/PSAN/DMF<PS/PSAN/CHCl3 concluding that THF was the best 

amongst all the solvents for PS/PSAN blends’ compatibility in the solid state. The blend 

compositions of the PS/PSAN/THF blend also showed a significant impact over the 

morphologies of the blend and the heterogeneity increased in the order 25/75 ˂ 50/50 ˂ 

75/25. These differences in the morphological observations of the PS/PSAN blends in 

different solvents were assigned to the extent of dispersion of one component into the 

other, and hence on the degree of adhesion between the two phases, thereby confirming 

the role of solvent in the enhancement and/or detraction of interactions between the blend 

components. FTIR spectroscopy showed immiscibility for different blend systems 

probably due to very weak or no interactions at all, between different blend components. 

On the other hand, DSC results revealed partial miscibility for PS/PSAN/THF and DMF 

blends, and almost immiscibility for PS/PSAN/CHCl3. In the case of PS/PSAN/THF 

blends, a single Tg was shown only by 25/75 blend composition indicating better 

adhesion between the two phases. Whereas PS/PSAN/DMF blends showed two Tg’s for 

all blend compositions with maximum closeness in the 25/75 blend composition thus 

confirming partial miscibility of the said blend. The single Tg or maximum closeness in 

the Tg’s of the blend components in 25/75 composition was attributed to the various 

possible athermic interactions in the component polymers like intramolecular repulsive 

effect, benzene ring stacking of PS and PSAN due to their structural similarities, 
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confinement of homopolymer at the center of the domain due to relatively low or almost 

similar molecular weight of homopolymer to that of the corresponding block of the 

copolymer, M
w
(h)≤M

w
(b), and chain entanglements. In the case of PS/PSAN/CHCl3 

blend, negligible or no shifts in the component Tg’s of various blend compositions were 

observed that not only corroborated the FTIR and morphological results, but also proved 

phase separation of the said blend system. TG measurements of PS/PSAN/THF blends 

displayed high thermal stability for blend compositions, 25/75 and 75/25, and less 

thermal stability for composition, 50/50 as compared with the neat polymers. On the 

other hand, TG results for PS/PSAN/DMF and PS/PSAN/CHCl3 blends were quite 

different. In the former case, thermal stability decreased with increased in PS contents 

whereas in the latter case converse results were observed. This difference in thermal 

degradation behavior of the component polymers could be correlated very well with the 

polarity of the casting solvent. Thermal stabilities of solution cast films of various 

compositions were in the order of; PS/PSAN/THF (25/75˃75/25˃0/100˃100/0˃50/50) ˃ 

PS/PSAN/DMF (25/75˃0/100˃50/50˃75/25˃100/0) ˃PS/PSAN/CHCl3 

(100/0˃25/75˃50/50˃75/25˃0/100. All the PS/PSAN/THF blend compositions showed 

synergism in mechanical properties but a decrease in synergistic behavior with the 

increase in PS contents of the blend was noted. The optimum mechanical results of the 

blend composition, 25/75, was the outcome of strong adhesion between the dispersed 

phase and matrix most probably due to various athermal interactions between the blend 

components such as intramolecular repulsive effect, stacking of benzene rings of PS and 

PSAN due to similarities in their structures, confinement of homopolymer at the center of 

the domain due to relatively low or almost similar molecular weight of homopolymer to 
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that of the corresponding block, M
w
(h)≤M

w
(b), and chain entanglements. However, the 

declines in different tensile properties of PS/PSAN/THF blends were assigned to the 

inferior mechanical properties of PS than PSAN. Tensile results of different blend 

compositions indicated compatibility of the PS/PSAN/THF blends. The tensile results of 

the PS/PSAN/DMF blend system were in line with the morphological and thermal 

findings, thus ascertaining the semi compatibility of the PS/PSAN/DMF blend system. 

However, in the case of PS/PSAN/CHCl3 all the tensile properties indicated negative 

deviations from the additivity line. Elongation at break, and tensile strength showed 

minimum negative deviation for 25/75, maximum for 50/50, and intermediate for 75/25 

blend compositions.  On the other hand, a continuous increase in young’s modulus with 

the increase in PS contents of the PS/PSAN/CHCl3 blend was observed. The minimum 

negative deviation of 25/75 blend composition of the PS/PSAN/CHCl3 blend system 

indicated the worst nature of CHCl3 regarding miscibility of PS/PSAN blends as the same 

blend (25/75) composition showed maximum positive deviation from additivity line for 

other casting solvents (THF and DMF) highlighting the role of solvent in polymer-

polymer compatibility.  Keeping in view the results of tensile properties of different 

blend systems, they were arranged in the descending order as follows; PS/PSAN/THF 

(25/75˃75/25˃50/50˃0/100>100/0)˃PS/PSAN/DMF(25/75˃0/100˃100/0˃50/50˃75/25)

˃PS/PSAN/CHCl3(0/100˃100/0>25/75˃75/25˃50/50). However, young’s modulus of 

PS/PSAN/CHCl3 blend system showed somewhat different behavior than other tensile 

properties. 

Though, there were some contradictions in the results of Chee’s interaction parameters 

with other parameters. But it is to the very weak π-π type interactions between the blend 
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components of system. Thus, overall there was a good correlation among the results of 

different techniques was observed for PS/PSAN/THF, PS/PSAN/DMF, and 

PS/PSAN/CHCl3 blend systems.  

However, results obtained through FTIR were not corroborating the results of other 

techniques for the examined blends probably due to very weak π-π, and physical 

entanglement type interactions between the blend components. Since FTIR technique 

works on the basis of electronic density displacements as a result of secondary (non-

bonding) interactions but the forces involved in our blend system were quite weak, and 

hence caused very small or almost no shifts at all in the electronic densities around the 

atoms or groups involved in these interactions, that was the reason it was not identified 

by the FTIR technique.  

In the light of our investigations regarding miscibility of different PS/PSAN blend 

systems we concluded that PS/PSAN/THF, PS/PSAN/CHCl3 blend systems 

remained almost immiscible whereas PS/PSAN/DMF indicated partial miscibility in 

the solution state. On the other hand, investigations regarding solid state miscibility, 

showed partial miscibility for PS/PSAN/THF and PS/PSAN/DMF blend systems, 

and immiscibility for PS/PSAN/CHCl3 blend system. The increase in miscibility with 

rise in temperature was noted only in the case of PS/PSAN/DMF. However, the 

effect of composition on miscibility was observed for almost all the blend systems 

showing better compatibility and hence optimum properties for the blend 

composition, 25/75. Thus, DMF is classified a better solvent in solution state whereas 

THF surpasses all the solvents in the solid state investigations regarding miscibility 

of the blend components. This difference in the extent of miscibility in solution, and 
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solid states, is attributed to the effect of solvent on the miscibility due to differences 

in the strength of the physical interactions between the blend components, and 

hence on the morphology, thermal, and mechanical properties of the PS/PSAN 

blends. 
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