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Research and optimization of flame retardant and dyeing process of poplar veneer
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Abstract: [ Objective ] Ammonium dihydrogen phosphate (ADP) is a nitrogen-phosphorus-type inorganic,

environmentally friendly and non-toxic flame retardant. Thermal stability and flame retardancy of wood could be
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enhanced by the ADP. In this study, ADP was compounded with acid Dahong 3R to further improve the decorative
effect on the basis of giving wood excellent flame retardancy, so as to prepare a dyed and flame retardant wood.
[ Methods] In this paper, poplar veneer was used as an research object, and flame retardant and dyeing of veneer
was simultaneously treated by atmospheric pressure impregnation method. Mass fraction of flame retardant (0%,
5%, 10%, 15%, 20%, 25%, 30%), dye mass fraction (0.5%, 1%, 1.5%, 2%, 2.5%, 3%), temperature (40°C, 50°C,
60°C, 70°C, 80°C, 90°C) and time (0.5h, 1h, 1.5h, 2h, 3h, 4h) were selected as the main influencing factors. The
impact and variation patterns of various factors on three evaluation indicators: dye uptake rate, color difference, and
oxygen index were explored based on the single factor testing. On this basis, fuzzy mathematical comprehensive
evaluation was used to comprehensively evaluate these three evaluation indicators, and the optimal process
parameters of modified veneer were then determined. [Results] The concentration of flame retardant, dyeing rate
and color difference on the veneer showed a trend of first increasing and then decreasing, which was positively
correlated with the change of oxygen index: when the concentration of flame retardant was 15% and 20%, the
difference between dyeing rate and color reached a maximum value of 15.27% and 69.38NBS; When the dye
concentration is 1.5% and 2%, the dyeing rate and color difference reach the maximum value of 14.58% and
71.46NBS, respectively; Temperature and dyeing rate and color difference and oxygen index have a similar change
in general. A trend of first rising and then falling at a temperature of 80°C was showed. The maximum staining rate
was 13.89%, the maximum color difference was 69.38NBS, and the oxygen index was 50.1%. Between time and
the dyeing rate and between time and chromatic difference showed a trend of first rising and then decreasing, and
the oxygen index first increased and then stabilized. When the time was 2h and 3h, the dyeing rate and chromatic
difference reached the maximum values of 13.89% and 69.56NBS, respectively. Through the mathematical fuzzy
comprehensive evaluation method, it was concluded that the best process parameters of flame retardant and dyeing
of veneer was 30% flame retardant, 0.5% dye concentration, 80°C temperature, 3h time. [Conclusion] The
positively charged NH4+ of the flame retardant can react with the negatively charged sulfonic acid group (-SO3H)
anion of the acid dye to form sulfonate, which produced a strong force and greatly increased the dyeing rate of the
acid dye on the surface of wood. In addition, the increase of dye concentration was not conducive to the diffusion
of flame retardant molecules into the wood, resulting in a decrease in oxygen index.
Key words: Ammonium dihydrogen phosphate; Acid dyes; Flame retardant and dyeing; Fuzzy comprehensive
evaluation method
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