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Abstract

Problem definition and objectives: Paper products are inherently flammable and easily burn,
which poses serious risks in applications such as wallpaper, door coatings, prefabricated walls, and
electrical cable insulation. Therefore, applying flame-retardant treatments is essential to enhance
safety and durability. In this study, diammonium phosphate (DAP) and sodium silicate (SS) were
employed as halogen- and formaldehyde-free coating materials, along with cationic starch, to
improve the fire resistance and mechanical properties of paper made from bagasse soda pulp. The
main objective was to evaluate the effects of these coatings on the mechanical and thermal
properties of the paper and to propose a simple, low-cost method for producing flame-resistant
paper.

Methodology: In the first stage, bagasse soda pulp paper with a basis weight of 12545 g/m? and
a thickness of 0.185+0.05 mm was prepared. Diammonium phosphate and sodium silicate were
applied at three concentrations (10, 20, and 30%) together with 10% cationic starch. Coating was
carried out in single- and double-sided modes with a coating weight of 25-30 g/m?. In the second
stage, mechanical properties (tensile, burst, tear), water resistance (Cobb test), and fire resistance
(thermal stability, combustion, and vertical flammability) were evaluated, and the results were
statistically analyzed and interpreted.

Results: Coating the paper with diammonium phosphate (DAP) and sodium silicate (SS) in the
presence of cationic starch improved mechanical properties, water resistance, and fire performance.
DAP-coated papers showed superior performance compared to SS, particularly at 20%
concentration where tensile strength increased, and at 30% concentration where char yield and
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thermal stability were significantly enhanced. Vertical flammability tests indicated self-
extinguishing behavior in DAP-treated samples. FTIR results confirmed the flame-retardant
mechanism in the condensed phase. Thermogravimetric analysis (TGA) showed the highest char
residue in treated samples compared to the untreated control. Flame spread analysis also
demonstrated improved fire resistance in treated papers. Overall, both materials reduced thermal
decomposition temperature and increased char residue, but DAP was more effective in
simultaneously enhancing mechanical and thermal properties.

Conclusion: Overall, DAP-coated paper outperformed SC-coated paper, demonstrating superior
properties in fire resistance and mechanical strength. This research confirms that bagasse paper,
modified through this method, can achieve excellent fire properties, high flame-retardant
efficiency, and halogen/formaldehyde-free emissions. Treated paper sheets produced based on the
method in this study can be used as fire-resistant materials.

Keywords: Fire-retardancy, Coating, Fire properties, Bagasse.
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