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Flame-retardant and toughening modification of polyvinyl alcohol by aminotrimethylene phosphonic acid
WANG Xiaoran,ZHANG Jianping, YAO Ruifen, CAO Dehao, XU Pingfan, LUO Yaofa,ZHANG Peikun
(School of Advanced Manufacturing , Fuzhou University ,Quanzhou 362251, China)

Abstract : To develop polyvinyl alcohol (PVAL) films with the combination of high flame retardancy, excellent mechanical
properties and high transparency, based on the mechanism of the high-density hydrogen bond array in the natural spider silk struc-
ture, using amino trimethylphosphonic acid (ATMP) as a hydrogen bond crosslinking type flame retardant,a PVAL/ATMP compos-
ite film was prepared by solution blending method. The effects of ATMP content on the chemical structure, optical transmittance,
mechanical property, thermal stability and flame retardancy of the composite films were systematically investigated, and the flame-
retardant mechanism were analyzed. Results demonstrate there is a strong hydrogen bond interaction between the ATMP flame retar-
dant and the PVAL matrix, the PVAL/ATMP composite film has high visible light transmittanc. As the ATMP content increases, the
mechanical properties of the composite film are significantly improved. Adding ATMP with a mass fraction of 15wt% can increase
the tensile strength, elongation at break and fracture toughness of the composite film from 43.0 MPa, 187.1% and 66.8 MJ/m’ of
pure PVAL to 95.4 MPa, 287.6% and 219.9 MJ/m’, respectively. The addition of ATMP elevates the temperature at 5% mass loss
and the residual char yield at 600 °C, which accompanied by the reduction of maximum thermal decomposition rate. When the mass
fraction of ATMP is 15 wt% , the composite film has the limiting oxygen index of 28.9% and the UL 94 VTM—0 rating. Meanwhile,
the peak heat release rate and total heat release are reduced by 30.3% and 42.0% compared to those of pure PVAL, respectively,
which demonstrate the high flame-retardant efficiency. Analysis results of the morphology and chemical compositions of residual
char along with the thermogravimetric analysis-infrared spectrometry confirm that ATMP plays synergistic flame-retardant mecha-
nism in the condensed phase and gas phase.
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