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Synthesis of Reactive Flame Retardant Containing Nitrogen and Phosphorus and Its Flame Retardancy to Polyurethane
Deng Qianjun', Zhang Wuyi’, Chen Dongchu', Yuan Yihua', Ding Senlin'
(1. Science School, Foshan University, Foshan 528000, China ;
2. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510006, China )

Abstract : A reactive flame retardant N, N-bis(2-hydroxyisopropyl)-aminomethyl phosphonic acid diethyl ester(HPAPE)was
synthesized via paraformaldehyde, diisopropanolamine, diethyl phosphite by two step reaction. The best reaction conditions of
5-methy-3- (2- hydroxyisopropyl)-1,3-oxazole(MHPZ) were obtained by the single factor experiment : the reaction time is 4 h,
the reaction temperature is 60 °C, the mole ratio of paraformaldehyde and diisopropanolamine is 1.2 : 1.0, the distillation pressure
is 18 kPa. The best reaction conditions of HPAPE were found by the orthogonal experiment : the temperature is 50°C, the time is
5.0 h, the mole ratio of MHPZ and dimethyl phosphite is 1.0 : 1.1, the mass fraction of catalyst strong acid cation exchange resin
in the reactant is 0.3%. The flame retardancy and the thermal degradation behavior of HPAPE flame retardant polyurethane(PUR)
were studied by the limiting oxygen index(LOI), UL94 vertical flame test and the thermogravimetric analysis. The results show
that HPAPE mass fraction of 24% are added into PUR to get about 26.2% of the LOI and UL94 V-0 rating, which shows good
flame retardancy. Comparing with PUR, the mass residual rate of HPAPE flame retardant PUR at 700°C increase by 4.91% and the
activation energy for the decomposition increase by 32.40 kJ/(mol - K) by calculating of proteus analysis software, which shows
that the flame retardants can catalyze decomposition and carbonization of PUR.

Keywords : reactive flame retardant ; N, N-bis(2-hydroxyisopropyl)-aminomethyl phosphonic acid diethyl ester ;

polyurethane ; thermal degradation
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