Performance properties of plasticized poly(vinyl chloride) with polystyrene modifiers
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In many cases, a wider use of material limited by deficiencies of PVC: restricted physicomechanical properties, low resistance to shock loads, creep under long-term constant load, plasticizer release from material in the process of etc. Due to physical modification of PVC due to the introduction annexes of various nature, can creates materials with the required set of performance indicators for product specific practical purpose. It was established that it is possible to directionally control the properties of plasticized PVC materials within a wide range by their combination with other thermoplastics. It was proved that among procedures of modified materials obtaining the thermoplastic preliminary dissolution in the plasticizer followed by introduction of fine-dispersed PVC and composite is the most rational and economically grounded method. 

The introduction of polystyrene modifier preliminary dissolved in the plasticizer increases PVC wetting by the plasticizer and improves the components compatibility and technological effectiveness of compositions preparation. Such modified materials depending on the nature of the plasticizer and polymer modifier observed different set of physicomechanical and thermal properties.
Kinetic regularities of plasticizer release depending on its nature and nature of polymer-modifier was studied. The introduction of polymeric modifier into PVC plasticate decreases the plasticizer migration, especially for more elastic materials. The lowest values of migration degrees are observed for DINP and the highest ones – for DBP. Obviously, it is connected with the molecular weight of plasticizer and its affinity with PVC. At the same time, the increase of plasticizer content in PVC increases the migration degree. The effect of polymer-modifier on migration degree of plasticizer is observed most of all at high values of plasticizer content.

The highest value of hardness (95,5%) is observed for plasticized PVC based on di-“isononyl” phthalate (DINP). Obviously, it is connected with specific interactions between components and their effect on composite morphology. While using dibutyl phthalate (DBP) and DINP the hardness essentially decreases (49,6%) but elasticity is almost the same. 

It should be noted that elasticity of PVC materials increases with the increase of modifier content. The hardness increases as well. It is observed most of all at high content of plasticizer. Thus, for the compositions based on DBP the increase of PS content by 1,5 times increases the hardness from 13,08 to 19,60 MPa and elasticity from 48,3 to 84,6%. The same regularity is observed while using ABS plastic as the modifier. The increase of modifier content allows to support elastic properties of plasticized PVC at high level (elasticity is 80-84%) even at the considerable (by 4 times) increase of plasticizer content. Such peculiarities of elastic-plastic properties of modified PVC are connected with reduction of plasticizer molecules mobility under the influence of polymeric modifier and formation of dense fluctuating network in the presence of polystyrene macromolecules.
At the same time, the nature of plasticizer and polymeric modifier also affects the thermo-physical properties of plasticized PVC, which are estimated by Vicat softening point. The increase of softening temperature is observed while using plasticizers in the row DBP– dioctyl phthalate (DOP)–DINP. The DBP+DINP mix averages the softening temperature values. Polystyrene modifier increases softening temperature of plasticized PVC based on DBP by 15-20 °C.

Modification of PVC by dissolved polystyrene plastic in plasticizer leads to obtain materials with reduced degree of plasticizer release out of matter volume. The introduction of modifier allows to directly controlling the elastic-plastic properties of plasticized PVC, increases the surface hardness, tensile strength and Vicat softening point.
