Controlling of the side reactions during the radical polymerization of vinyl chloride using interaction with ester functional groups
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ABSTRACT

Poly (vinyl chloride) (PVC) is one of the most important large production volume plastics suitable for a great number of products due to its extraordinary properties. Its thermal and light stability is however lower than expected from its regular structure –(CH2-CHCl) n–[1]. Stabilizers (mainly heavy metal compounds) are therefore indispensable during the processing of PVC to end products. Environmental reasons led the European PVC manufacturers to sign a voluntary commitment to reduce the use of heavy metal containing stabilizers [2]. 

According to several studies [3] the reason for the thermal instability of PVC are allylic and tertiary chlorine containing structures (internal unsaturations and butyl and long branches respectively). These defects are products of inter and intramolecular transfer occurring during the polymerisation process, which we therefore wanted to study and modify in order to suppress the frequency of these undesired reactions. Backbiting and in certain degree also intermolecular transfer reactions could be physically prevented by surrounding the growing polymer chain. One possibility is end capping of the radical chain end with a cyclic molecule, which allows only monomer molecules to access the active radical. The end capping could be reinforced by the interaction of functional groups presenting a good interaction with the protons contained in the PVC chains.

  Acetylated -cyclodextrin (ABCD) was chosen because its cavity has a size where PVC chain fits in its wider side, but can not pass through. Monomer due to its smaller size can enter from both sides. Acetyl groups providing the desirable solubility in VCM also present a good interaction with the protons contained in the PVC chains.                
The PVC material used in this study was obtained by radical suspension polymerization performed in a 1l stainless steel autoclave in our laboratory. The resulting polymers were characterized by GPC and 1H or 13C NMR (determination of the number of the defects). Unsaturated structures concentration could be obtained straightforward by analysis of 1H NMR spectra, and the content of different types of branches was calculated from the peaks areas in the 13C spectra of reductively dehalogenated [4] samples. 

The content of labile structural defects such as internal double bonds, butyl and long branches had decreasing tendency with increasing amount of the additive. This effect was already observable at ~87 % conversion, but it was more pronounced at ~96 % monomer conversion. Acetylated -cyclodextrin lowered the frequency of side reactions of intramolecular nature as we expected. Furthermore it had a positive influence on the number of long branches (defects formed by intermolecular hydrogen transfer). This indicates that ABCD molecules dilute the polymer rich phase (which is more concentrated at high conversions) and interact with the polymer chains probably via ester functional groups, protecting the PVC backbone from backbiting and intermolecular transfer reactions. The presence of ABCD had no influence on the tacticity of the resulting polymer. This suggests that the above mentioned interactions take place along the whole polymer chain and not only at its end. 

Additionally ABCD increased the average chain lengths, which was already observed for polymerizations of other types of monomers [5]. A possible explanation is the capture of VC molecules in cyclodextrin cavities facilitating the access of the monomer from the gas phase to the monomer droplets where polymerization is taking place. 
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