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Fabrication and characterization of lignocellulosic biopolymers
and their hybrid biomicrocomposites from palm biomasses with
high lignin content
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ABSTRACT

Palms such as date and coconut are important agricultural products in Saudi Arabia and globally.
At present, most of the plant waste generated from these palms is incinerated or landfilled. In this
research, I focus on lignin, which is abundant in plant fibers and leaves of palms. I aimed to fabricate
biodegradable biopolymers from plant wastes to utilize them as alternative materials to petroleum-
derived resins. A simple process that combines milling and hot-pressing was investigated to produce
lignocellulose biopolymers using thermosetting biomasses with high lignin content derived from
various palm wastes. Because lignin serves as an excellent binder for plant fibers, I also tried to
fabricate lignocellulose-contain biomicrocomposites with excellent mechanical and thermal properties.

Lignocellulose contained in date fiber (DF), coconut coir (CC), date, and coconut leaves (DL
and CL) was pulverized and then hot-pressed to prepare lignocellulosic biopolymers. Also,
biomicrocomposites were prepared by mixing and hot-pressing CC powders with construction and
demolition waste (CDW) wood and recycled silk (RS) powder.

Fiber-based biopolymers with high cellulose and lignin content derived from DF and CC
exhibited mechanical properties and thermal stability comparable to those of petroleum-derived
phenolic resin. The mechanical properties of the biopolymers derived from fiber-based biomass
affected by alkaline pretreatment and pulverization. The bending strength of the biopolymer increased
with decreasing the particle size of the pulverized lignocellulose. Alkaline pretreatment also improved
the mechanical properties of DF and CC biopolymers. Because of CC's excellent binding behavior for
cellulose, CDW/CC biomicrocomposites showed good mechanical properties and thermal stability.
The effects of milling and alkaline pretreatment on the chemical composition and crystallinity of
lignocellulose were investigated using FT-IR and XRD. These results revealed that the increase in
mechanical strength was due to the removal of hemicellulose by alkaline pretreatment. The biomass
pulverization increases the proportion of lignin exposed on the surface of a lignocellulose particle,
leading to improved mechanical properties of lignocellulosic biopolymers and biomicrocomposites.

In conclusion, the green process that combined milling and hot-pressing was

developed to fabricate lignocellulosic biopolymers and biomicrocomposites from various



palm wastes. This process enables us to provide biopolymers with mechanical properties
and thermal stability comparable to those of conventional phenolic resins. Also, a
biomicrocomposite can be derived from cellulose-based biomass using palm waste powders

as a binder.
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