Polymer blends.         
Interfaces at the nano scale are fundamental aspects of the macroscopic physical properties of binary polymer blends and reflect, for example, the morphology, mechanical strength, fracture toughness, thermal stability and surface wetting. The interface properties are closely connected to adhesion at the interface and to interfacial tension, which have major influences on miscibility and compatibility.  We have continued our interest in the binary polymer blends PVC/PS (Poly Vinyl Chloride / Poly Styrene), PS/ PMMA (Poly Styrene / Poly Methylmethacrylate) and PVC/SAN (Poly Vinyl Chloride/Styrene Acrylonitrile) because of their use in applications such as impact modification, adhesives and coatings.  

The work is important because it establishes a connection between free volume positron lifetime spectroscopy and bulk properties such as the flow of soft and liquid materials [1,2].  The density profile across the interface has been related [2] to the hydrodynamic interaction and the Flory-Huggins interaction parameter from a self-consistent mean field theory from which the interface widths can be deduced.

Our aim has been to characterize and understand the interfacial properties of diffused interfaces in immiscible and partially miscible binary polymer blends for which the methods of preparation characterize the interface widths, and consequently their industrial uses. The use of PVC/EVA (in which EVA contains a strong polar group of the conjugated type –C=O) and PVC/SAN (in which SAN is nearly non polar or very weak polar in character due to presence of C≡N group) allows the influence of the known inhibiting action of the halogen groups on Ps formation to be investigated. 

From the practical perspective, ‘interface’ means the region between two phases of the binary blend and which may change with composition. The width of such an interface is due to the diffusion of one species into the other and generally is of the order of nanometres. At the interface the polymer chain density of the polymer components changes in ways dependent on the method preparation but here appears to be relatively uniform.  The lifetime of ortho-positronium is shortened to several nsec by picking-off an electron of opposite spin from the surrounding medium and annihilates by two photon decay. Before annihilation, the o-Ps atoms are localized in regions of low electron density such as free volume holes or cavities of the polymer or its blend. The probability of a pick-off process is related to the electron density near the cavity inner surface and hence to its size such that longer o-Ps lifetimes correspond to larger free volume holes.

The various modes of annihilation determine the lifetime analysis as follows. The shortest lifetime τ1 ​with intensity I1 corresponds to p-Ps and free positron annihilations. The second lifetime component τ2 with intensities I2 is due to trapping of positrons at the defects and open volumes smaller than free volume. The longest lived component τ3 with intensity I3 is due to pick-off annihilation of the o-Ps from the free volume cavities present mainly in the amorphous regions of the polymer matrix.  A typical positron annihilation rate distribution in PVC, PS and PVC/PS (80/20) composition (immiscible) blend obtained from CONTIN analysis of the PALS spectra is shown in Fig. 1a. Similarly Fig. 1 (b,c), represent the typical distribution of lifetime (τ3 ), free volume radius (R) and free volume size (V​​f) in 80/20 composition binary blends.

The hydrodynamic interactions owe their origin to flow properties of the monomers in the solution and represent mechanical interactions. The flow mechanism generates friction and it is a measure of hydrodynamic interaction parameter indicating the strength of interaction and the molecular architecture of the blend system. A correlation between the hydrodynamic interaction parameter and the Flory-Huggins interaction parameter has been established empirically from existing data [2]. Then the density profile of the constituent polymers across the interface of the blend was constructed using our experimental values from positron lifetimes of three polymer blends. From this method, the (highest) diffused interface width values obtained are respectively 2.15, 5.04 and 6.24 nm for immiscible (PVC/PS) and partially miscible (PS/PMMA and PVC/SAN) blends at 80/20, 20/80 and 80/20 compositions respectively. These values are in the range of interface widths expected from comparison with data from other methods. Higher values of widths are observed if the blend constituents interact with each other. Since such interactions are either minimal or absent for incompatible components, immiscible blends exhibit smaller widths. 

It is important to note that interface widths from various preparation methods cannot yet be compared since the systems are morphologically different and the interface evolution is also different. The positive aspect of the present method is the accuracy and the sensitivity of the positron methods established for polymers. Further studies of this nature for blends in solution or liquid phase are expected to be of industrial significance.
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Fig. 1. (a) A typical positron annihilation rate  distributions in PVC, PS and PVC/PS (80/20) composition (immiscible) blend.  Fig. 1 (b, c), for PVC/PS (80/20) composition (immiscible) blend, represents (b) the typical distribution of lifetime (τ3), and corresponding free volume radius (R) and (c) free volume size (V​​f) . 
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Fig 2. Density profile across the interface for PVC/SAN (80/20) blend. The interface width,   
Δl,  has the value 6.24 nm.
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Table 1 Interface widths
	Polymer Blend
	Composition
	(l 
	(l  nm 
( 0.4 nm

	PVC/PS
	80/20
	2.180
	2.150

	
	50/50
	0.174
	0.177

	
	20/80
	0.051
	0.052

	PS/PMMA
	80/20
	1.770
	1.800

	
	50/50
	1.060
	1.080

	
	20/80
	5.100
	5.040

	PVC/SAN
	80/20
	6.320
	6.240

	
	50/50
	3.670
	3.720

	
	20/80
	1.02
	1.032


Influence of polar groups in binary polymer blends on positronium formation.

The present work studied the role of the polar group unconjugated oxygen on the inhibition of positronium (Ps) formation in two binary blends made from a set of chosen constituent polymers with polar and weakly polar groups (nonpolar). The polymer blend samples of PVC-EVA and PVC-SAN were investigated by coincidence Doppler broadening and positron lifetime techniques. The strong polar acetate group in the EVA contributed to positron annihilation with electrons of unconjugated oxygen (–C+=O−) as revealed by the momentum distribution curves peaking around 17 PL (10−3 m0c). The ortho-Ps intensity indicated the unconjugated oxygen shows about a 28% Ps reduction even in the presence of a strong Ps inhibiting halogen (Cl−). In contrast, this effect was not seen in the PVC-SAN blends since SAN contains a weakly polar (nonpolar) acrylonitrile group (C≡N). Our results indicate the chlorine of PVC in the blends is a major contributor to Ps inhibition through the formation of a (Cl−-e+) bound state but the unconjugated oxygen in EVA of the PVC-EVA blend also plays a similar, but lesser, role.
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