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into value‑added thermoplastic materials by benzylation process
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Introduction

Lignocellulosic materials refer to woody and non-woody 
plants that are composed of cellulose, hemicellulose and 
lignin. Chemical properties of these materials make them 
the source of enormous products. Cellulose, isolated 
mainly from woody plants can be used in paper production. 
Agricultural waste and annual plants for many years have 
been used in production of paper and composite materials 
either as a filler or the main ingredient of the products [1, 
2]. In addition, they are also utilized as a fiber source to 
modify and make cellulose derivatives to commercialize 
them in different industries [3, 4]. In recent years, the com-
plete utilization of lignocellulosic materials in the produc-
tion of plastic and composites is becoming more attractive 
due to environmental concern.

Plastics are being favored for many applications in place 
of other materials due to formability, light weight and 
strength properties [5]. However, they are produced from 
non-renewable resources and compared to natural fiber, the 
plastics are expensive and are non-degradable materials. 
There is an opportunity to develop a plastic material from 
lignocellulosics. In order to plasticize them, lignocellulosic 
materials are chemically modified [6, 7]. Tailoring cell 
wall polymers can help lignocellulosic materials to exhibit 
thermoplastic properties. Modification process is usually 
carried out either in acidic or alkali conditions. Etheri-
fied materials are prepared under alkali conditions such as 
benzylation process [7]. Efficiency of the process can be 
changed with the alkali concentration, reagent, reaction 
temperature, and reaction time. As a result, lignocellulosics 
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are considered to be weeds in agricultural fields and for-
ests. These annual herbaceous plants can be converted into 
value-added thermoplastics by means of benzylation. Prod-
ucts can be utilized in different applications where plastics 
are used. Substitution reaction was carried out with benzyl 
chloride under different alkaline conditions, 15, 25 and 
35 %, respectively. Alkali concentration affects the substi-
tution reaction. The chemical structure of modified mate-
rials was remarkably changed. In order to detect changes, 
crystallinity index of the materials and their thermal prop-
erties were analyzed. In FTIR spectra, the peaks appeared 
at 695 and 736 cm−1, indicating the aromatic C–C angu-
lar deformation. Multiple peaks appeared at 3050 cm−1 
which were indications of benzylation of the materials. A 
peak increase was observed at 1596 cm−1 due to the aro-
matic substitution. Hydroxyl groups were replaced with 
benzyl groups which increased peak intensity. After modi-
fication, hydrogen bond energy changed and crystallinity 
of both materials was reduced. This substitution process 
on functional groups changed the decomposition tempera-
ture of the modified materials. It reduced to the decompo-
sition temperature of the materials to a temperature range 
between 240 and 280 °C. Thermogravimetric analysis 
revealed that modified products were characterized by 
poorer thermal stability compared to raw materials.
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