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Abstract

Problem definition and objectives: Global research to find novel and eco-friendly materials to
improve the unfavorable properties of wood and wood products has increased significantly in
recent years. Cellulose is one of the most abundant and cheapest biodegradable and renewable
plant resources available in nature. Cellulose nanocrystal (CNC) is a structural component of
plants, which has been considered as a reinforcement of polymer matrices due to its low density,
high aspect ratio, favorable mechanical properties, low thermal expansion and ability to form a
network. Generally, water-absorbing capacity of cellulose is largely dependent on the availability
of free hydroxyl groups. The free hydroxyls of cellulose have a strong attraction with many
solvents, but the adsorbed water exists only in the amorphous regions, not in the crystalline regions.
Therefore, this research has been carried out with the aim of developing new, harmless and eco-
friendly protective materials, with an emphasis on increasing the resistance against water
absorption on the surface of wood. The main purpose of this work is investigation of the contact
angle of wood impregnated with cellulose nanocrystals and its functionalized compounds.

Methodology: In this research Poplar wood (Populus nigra) was used to prepare test specimens.
Cellulose nanocrystals were Prepared by acid hydrolysis and then it was functionalized with
different compounds such as PDMS, Cu (OH)2, ZnO and AgNO3. The impregnation of wood
specimens was done in a cylinder under pressure with each compounds mentioned above.
Resistance to water was investigated by performing the leaching test and the contact angle of water
in impregnated wood specimens with cellulose nanocrystal and its functionalized compounds along
with the films prepared from each of the mentioned compounds. The statistical analysis of the
results was done in the form of analysis of variance-completely randomized design and factorial.

Results: Based on the obtained results, resistance to washing increased by 68% and 52% in
CNC/PDMS and CNC treatments, respectively, and decreased by 23% in CNC/Ag treatment. Also,
the highest contact angle of water was observed in the CNC/PDMS film (the average value of 98°),
which showed an increase of 180% compared to the pure CNC film. Furthermore, the results of
water contact angle in wood treated with CNC and its functionalized compounds showed that the
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highest contact angle was obtained in the wood specimens treated with CNC/PDMS combination,
by 40% increase compared to the control specimens.

Conclusion: Generally, this result suggests a potential application of CNC functionalized with
PDMS as surface protective of wood from the degradation induced by water. In fact, utilize of
CNC as an environmentally friendly material which derived from wood structure, shows promising
results. Improved water repellency and increased resistance to washing are among the factors that
are essential and fundamental in the protection of wood and wooden products and affect many
features of the final product. Therefore, the current research is a comprehensive method regarding
the cellulose nanocrystals isolation and demonstrates the potential of cellulose nanomaterials to be
used in a wide range of high-tech applications.

Keywords: Poplar wood, cellulose nanocrystals, leaching test, contact angle, functionalized
compounds, treated wood.
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