Controlled chemical modification of polyurethane elastomers for flame retardant applications

Krzysztof Pielichowski, Dominika Słotwińska

Department of Chemistry and Technology of Polymers, Technical University, Ul. Warszawska 24, 31-155 Kraków, Poland

Segmented polyurethane elastomers are versatile, commonly-used  materials with a great number of applications as e.g. coatings, binder resins and high-performance elastomeric products. They derive most of their useful properties from the incompatibility of soft and hard segments and subsequent microphase separation; besides, the hard-segment domains act as physical cross-links for the soft-segment matrix. 

One of the few drawbacks of polymers with such complex morphology is their low thermal stability and flammability governed primarily by the heat liability of the urethane groups is dependent upon the substituents on these groups. The highest degradation temperature (ca. 250°C) is observed for urethane formed from alkyl isocyanate and alkyl alcohol, followed by an aryl isocyanate-alkyl alcohol combination (degrading at about 200°C), an alkyl isocyanate and aryl alcohol (stable up to 180°C), and an aryl-aryl combination whose temperature limit is in the 120°C range [1,2]. Low thermal stability and flammability seriously limit the number of new applications - hence, an extensive research is performed to flame-retard these polymers. One of the approaches is to incorporate an ‘additive’ or ‘reactive’ flame retardant into polymer. The ‘additive’ flame retardant is physically mixed with the parent polymer either prior to, during or right after polymerisation - there is no chemical bonding between the flame retardant and parent polymer [3,4]. The second group of flame retardants, the ‘reactive’ ones, will react with other monomer units by polymerisation, polycondensation or polyaddition reaction. Since they are chemically bonded in a controlled way to the polymer backbone, bleeding, migration and volatilising out of the polymer are prevented, enhancing thus their action in comparison to the ‘additive’ ones [5,6]. 

The aim of this work was to investigate flammability behaviour of a series of segmented nanostructured polyurethane elastomers based on 4,4’-diphenylmethane diisocyanate (MDI)/1,6-hexamethylenediisocyanate (HMDI), polyoxypropylenediol and low-molecular chain extenders: 1,2-propanediol or 3-chloro-1,2-propanediol. The obtained samples were characterised by gel permeation chromatography (GPC); morphology features were analysed by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Limited oxygen index (LOI) and the thermovision camera (TC) have been used to investigate the degradation/flammability behaviour. 
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