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Preparation and Application of Phosphorus-Nitrogen Synergistic Cyclotriphosphazene Flame Retardant
Dong Shuling, Lou Shuai, Wang Hongxia, Wang Yanlin
(School of Chemistry and Life Sciences, Suzhou University of Science and Technology , Suzhou 215009, China)

Abstract : In order to improve the flame retardant properties of saturated polyester materials and unsaturated polyester materi-
als, a novel phosphorus-nitrogen synergistic flame retardant, allylamine pentaphenylamine cyclotriphosphazene (ANNCTP) was pre-
pared by two-step reaction using hexachlorocyclotriphosphazene (HCCP), allylamine and aniline as main materials. The total con-
tent of phosphorus and nitrogen of ANNCTP is as high as 33.7%. After exploring the synthesis process, the optimum reaction condi-
tions were obtained: material ratio n (HCCP): n (allylamine): n (aniline)=1:1:5.1, and the reaction time is 7 hours at 60°C. Under
this condition, the yield is the highest (89.2%). By Fourier transform infrared spectroscopy, nuclear magnetic resonance hydrogen
spectrum and thermogravimetric characterization, it was proved that the product structure is consistent with the target product and
has good thermal stability, there is still 22.5% residue at 800°C. The flame retardant properties of ANNCTP was tested by oxygen in-
dex method and scanning electron microscope. The oxygen index (LOI) of polybutylene terephthalate (PBT) added with 20% (mass
fraction, the same below) ANNCTP is 29%, and the LOI of 191 unsaturated resin added with 10% ANNCTP is 27%, both of which
belong to flame retardant grade. The two flame retardant elements phosphorus and nitrogen play a synergistic role , and ANNCTP
has a good flame retardant effect on both PBT and 191 unsaturated resin. The microscopic morphology of the carbon residue is
dense and microporous, which is mainly due to the gas phase flame retardant mechanism.

Keywords: synergistic flame retardant ; allylamine pentaphenylamine cyclotriphosphazene ; polybutylene terephthalate ;

191 unsaturated resin
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