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Background and Obijectives: Wood, being a renewable and environmentally
friendly material, boasts distinctive mechanical, physical, and aesthetic
properties that have contributed to its widespread utilization in the
construction, furniture, and decorative industries. Nonetheless, wood is
vulnerable to degradation caused by a variety of living and non-living
factors. Substantial efforts have been invested in improving the durability
of wood, with measures such as applying protective paints to safeguard
against weathering and moisture. Nevertheless, it is important to note that
both wood and polymer-based paints possess flammability characteristics.
To mitigate this concern, flame retardant materials have been integrated
into paint formulations to decrease their flammability. The objective of this
study is to examine the impact of flame retardants on the fire resistance and
color alterations of acrylic coatings when applied to pine wood.

Materials and Methods: This study focuses on investigating the influence
of flame retardant materials, namely zinc borate, di-ammonium phosphate,
nano silica, and nanoclay, incorporated into acrylic paint formulations at
concentrations of 10% and 20%, as well as their binary combinations at a
concentration of 20%. The primary objective is to evaluate the fire
resistance of these formulations when applied to colored pine wood.
Additionally, the study analyzes the tensile strength of the paint film,
assesses color changes in the wood samples, and examines their fire
resistance properties.

Results: Based on the findings of this study, it was observed that the
inclusion of zinc borate and di-ammonium phosphate had no noticeable
impact on the tensile strength of the paint film. Conversely, the presence of
nanoclay significantly enhanced the film's tensile strength, while the
addition of nanosilica led to a noticeable reduction in this particular
characteristic. In terms of color changes, the samples incorporating zinc
borate and di-ammonium phosphate demonstrated the least significant
alterations. Furthermore, the introduction of flame retardant materials into
the paint formulation improved the fire resistance, with di-ammonium
phosphate and nanoclay displaying superior performance in this aspect.
Significantly, the conducted tests revealed negligible differences between
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the 10% and 20% concentrations of the flame retardant materials in
several aspects. Of particular note, the combination treatments involving
di-ammonium phosphate-zinc borate and di-ammonium phosphate-
nanoclay exhibited superior results in terms of color changes and fire
resistance.

Conclusion: The study findings indicate that di-ammonium phosphate and
zinc borate had minimal negative impacts on the tensile strength of the
paint film and the observed color changes in both the wood samples and
the paint film. Additionally, these two flame retardant materials
demonstrated superior performance in enhancing fire resistance. Based on
these results, it is highly recommended to incorporate di-ammonium
phosphate and zinc borate as flame retardants in acrylic paint formulations
designed specifically for wood surfaces.
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Figure 8. The effect of the flame retardant materials on glowing without a flame source.
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Figure 9. The effect of the flame retardant materials on carbonized area.
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Figure 10. Schematic outline of the thermal degradation of acrylic resin in the presence of ammonium phosphates.
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