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Synthesis and application of a secondary amine salt containing cage thiophosphate
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Abstract : Unsaturated polyester resin (UPR) has excellent process performance and good tensile strength, so it is widely used,
but UPR will produce a lot of black smoke when burning, which will seriously affect human life and health safety. In order to
improve the flame retardancy and thermal stability of UPR, trichlorothion(PSCl,), pentaerythritol, maleic anhydride (MA) and piper-
azine were used as raw materials to synthesize a synergistic flame retardant containing three flame retardants: nitrogen, phosphorus
and sulfur, and a cage structure was introduced into the flame retardant molecules to improve the thermal stability , mechanical prop-
erties and flame retardancy properties of UPR. The structures and thermal stability of synthesized products were identified by infra-
red spectroscopy, nuclear magnetic resonance hydrogen spectrum and thermogravimetry. At the same time, the process conditions of
the final product PI-MA-SPEPA were optimized, and the effects of solvent ratio, reaction time and reaction temperature on the yield
of the product were discussed. The results show that the reaction temperature is 30 °C, the reaction time is 4 h, the optimal solvent
ratio of ethanol and water is 1: 1, and the reaction yield of the final product is the highest, up to 82.9%. Finally, the flame retardancy
of UPR with flame retardants was evaluated by vertical combustion test. The results show that UPR can reach V-0 level when 18%
of PI-MA-SPEPA is added to UPR.

Keywords : flame retardant ; synergy ; flame retardant property ; unsaturated polyester resin ; cage phosphate compounds
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Tab.1 Formulation of flame retardant materials
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Fig. 5 Diagram of UPR (a~d) spline
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Fig. 6 Reaction curing principle of UPR and PI-MA-SPEPA
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UPRa 100 0 V-2 Fast No Mo
carbon
UPRbL 85 15 V-1 Slow No Mo
carbon
UPRc 82 18 V-0 No Yes Charring
UPRd 80 20 V-0 No Yes Charring
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Fig. 15 Schematic diagram of pure UPR vertical combustion
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Fig. 16  Schematic diagram of UPR b vertical combustion
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