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Abstract

Poly (vinyl chloride) or PVC is a commercial and economical polymer thermoplastic that has
wide applications in the construction industry, construction, and medical devices. However, PVC
exhibits poor thermal stability as it is degraded by a mechanical, thermal or light energy source.
Thermal degradation is caused by known zipper decolorization reactions that involve the
removal of hydrogen chloride and the formation of conjugated double bonds, leading to a
decrease in the mechanical, physical, and chemical properties of the polymer. Studies show that
allylic and tertiary chlorides are the most important structural defects in PVC chains that cause
thermal degradation in the polymer. In order to increase the thermal stability of PVC, various
types of thermal stabilizers are used with different mechanisms including replacement of
unstable chlorine atoms, removal of chlorine and hydrogen chloride radicals, reduction in
polyone sequences and aromatic alkylation. In the present study, different mechanisms of
thermal degradation and various structural defects in the PVC chain are described. Finally, three

important categories of thermal stabilizers and their stabilization mechanisms are reviewed.
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Figure 1- Scheme of double bond formation due to thermal degradation of polyvinyl chloride

with zipper mechanism [14].
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Figure 2 - Scheme of thermal degradation of PVVC with free radical mechanism [13].
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Figure 3: Elimination (the left schemes) and autocatalytic elimination (the right schemes) of HCI

by an ion pair and quasi-ionic mechanism [10].
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Figure 4 —Schematic of Concerted elimination mechanism of PVC degradation [12].
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Figure 5- Polaron mechanism for the growth of a conjugated polyene sequence during PVC
thermolysis [10].
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Figure 6- Schematic of Diels—Alder process that causes crosslink formation (schem 1),

cyclization with radical elimination responsible for generation of benzene (Scheme 2)[20].
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Figure 7- Chemical consequences of head-to-head emplacement of monomer during the
polymerization of vinyl chloride (VC), where P" is the head-to-tail macroradical [29].
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Figure 8- Auxiliary mechanism for monomer transfer during vinyl chloride (VC) polymerization,

where P is macroradical from head to tail [10].
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Figure 9- Schematic of PVC thermal stabilizer by a primary
stabilizer [35].
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Figure 10- Chemical structure of epoxidized sunflower oil [42].
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Figure 11- Stabilization mechanism of PVC by metal salt based stabilizers [42].
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Figure 12- Stabilization mechanism of PVC by lead-based stabilizers [42].
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Figure 13- Stabilization mechanism of PVC by tin-based stabilizers [45].
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