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Article Info ABSTRACT
Avrticle type: Background and Objectives: Nanocellulose aerogels are ultralight,
Full Length Research Paper  porous materials with high potential in diverse fields. The preparation of
nanocellulosic aerogels consists of two main steps: preparation of hydrogel
Article history: from a solution and removal of solvent through sublimation by freeze
ructe history- drying or supercritical method with solvent exchange. Due to desirable
Received: 11.14.2023 _ - . . -
Revised: 12.292023 characteristics such as ultra-light density, porous structure, biodegradability,
Accepted: 12.29.2023 and being environmentally friendly, these materials have a wide range of
applications in various industries, such as medicine, pharmaceutical,
military, defense, etc. Despite the above advantages, they also have

Keywords: disadvantages such as flammability when exposed to heat or fire, which
Aerogel, limits their use in many cases. This study explores the development of
Flame retardant, flame-retardant nanocellulose aerogels using sodium bicarbonate (SBC)

Freeze dryer,
Nanocellulose,
Sodium bicarbonate

modification.

Materials and Methods: This study focuses on the preparation of
nanocellulose aerogels with flame-retardant properties using sodium
bicarbonate. A 2% wt concentration nanocellulose gel was obtained from
Nanonovin Polymer Company and used as the base material. Sodium
bicarbonate was added to the nanocellulose gel at a concentration of
20% wt of the dry weight to achieve flame retardancy. The resulting
suspension was stirred at 1200 rpm for 30 minutes to form a uniform
hydrogel. Control nanocellulose (CNF) and sodium bicarbonate-treated
(CNF+SBC) hydrogels were then poured into copper molds and
refrigerated at 2 °C for 24 hours. Subsequently, the molds were transferred
to a liquid nitrogen bath for rapid freezing. The frozen samples were then
subjected to freeze-drying for 48 hours to obtain control and treated
nanocellulose aerogels.

Results: The presence of sodium bicarbonate in the flame-retarded
aerogels was confirmed through FTIR spectroscopy. SEM and BET
analysis revealed that the addition of sodium bicarbonate reduced the
porosity and specific surface area of the nanocellulosic aerogel. Thermal
characterization demonstrated that the flame-retarded nanocellulose

ey



aerogels exhibited higher thermal stability compared to the control
aerogels, with approximately 30% more residue remaining after
combustion. Flammability tests further supported this finding, indicating
that the presence of carbon dioxide hindered further burning of the aerogel
by limiting oxygen availability during ignition. The crystalline structure of
cellulose in the sodium bicarbonate-treated aerogels remained unchanged
compared to the control, while the compression strength and modulus of
the treated aerogel decreased due to a decrease in the polymerization
degree. The lightweight and flame-retarded nature of these nanocellulose
aerogels makes them suitable for various applications in industries such as
construction, oil and gas, textiles, and energy storage.

Conclusion: The treatment of nanocellulose aerogels with sodium
bicarbonate resulted in the production of lightweight and environmentally
friendly aerogels with flame-retardant properties. These findings offer the
potential for their utilization in industries requiring thermal insulation and
energy storage, emphasizing their green and sustainable characteristics.
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Figure 5. TGA diagram of control and treated nano cellulosic aerogels.
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Figure 6. Flammability test in the horizontal direction for (a) control and (b) sodium bicarbonate-treated
nano cellulosic aerogels at different ignition times.
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