3000 i B

Dhaka University Nanotechnology Centre (DUNC)

University of Dhaka
Dhaka 1000, Bangladesh

Inception Report
On
Structural and Mechanical Properties of Jute-derived

Cellulose-reinforced Epoxy and PVA Composites Enhanced
with Multi-Walled Carbon Nanotubes

Project Duration
01 January 2026- 30 June 2026 (5 months)

Project Supervisor Name of the Research Assistant
Dr. Sabina Hussain Noor Alam Naim
Professor Research Fellow
Department of Physics Dhaka University Nanotechnology Centre
University of Dhaka University of Dhaka
Email: sabinaphy@du.ac.bd Email: s-2017813684@phy.du.ac.bd
Contract:01746398810 Contract: 01625559790
= ecezed e
Dhaka University Na TRchiaioRy Canlre TOUNE)
University of Dhaka

Dhaka-1000, Bangladesh




1. Title of the project:

Structural and Mechanical Properties of Jute-derived Cellulose-reinforced Epoxy and
PVA Composites Enhanced with Multi-Walled Carbon Nanotubes

2. Background

Plastics, which are non-biodegradable and harmful to the environment, have become
widely used globally. The problem is more severe in developing countries, such as
Bangladesh, where a large population generates substantial amounts of waste, and
inadequate waste management often results in waterlogging and sediment accumulation
in riverbeds. Electronic waste has also emerged as a growing concern. With the rapid
advancement of technology and the rising demand for electronic devices, large
quantities of e-waste are being generated. Globally, over 430 million tons of plastic are
produced annually, much of which ends up in the oceans and eventually enters the
human food chain.[1]

Therefore, in recent years, people have been paying more attention to finding materials
that are biodegradable and eco-friendly. Cellulose is a strong, renewable, and recyclable
natural polymer found in sources like wood, jute, hemp, and flax. Jute is a good choice
because of its high cellulose content. [2]

Row Jute fibers, on the other hand, with a hydrophilic nature, offer poor tensile
properties when used in composites due to the presence of non-cellulosic substances
like lignin and hemicelluloses. The OH group of these non-cellulosic substances, such
as Lignin, pectin, and hemicellulose, allows macromolecules to form hydrogen bonds
within the fiber. When exposed to a humid environment, these weakly formed hydrogen
bonds break apart.[3] To address these drawbacks, surface modification through
chemical treatments such as alkali treatment and bleaching is introduced to remove non-
cellulosic constituents. Additionally, the removal of amorphous components increases
the crystallinity of cellulose, thereby contributing to higher stiffness and improved
dimensional stability.[4], [5] When reinforced further with nanofillers such as carbon
nanotubes (CNTs), these chemically modified cellulose fibers provide superior
mechanical, thermal, and barrier properties..[6]

The common approach to extracting cellulose from jute fibers is through an
alkalization process, using NaQH, a surface modification treatment. During the process,
NaOH alters the pristine cellulose structure and converts cellulose I into cellulose I1.
This reaction removes surface impurities, increases fibre roughness, and exposes more
cellulose sites.[3] Bleaching also plays a crucial role here, using hydrogen peroxide or
sodium chlorite, further purifying the cellulose by eliminating residual lignin and other
impurities, resulting in a whiter and more chemically refined surface.[7] [8]

Cellulose, indeed, one of the most available natural polymers, is composed of B-D-
glucose units linked by f(1—4) glycosidic bonds, exhibits a highly crystalline structure




characterized by extensive hydrogen bonding between chains, and is also a future hope
thought to replace plastic because it is renewable and biodegradable. The crystallinity
index of cellulose, which determines the proportion of crystalline regions, significantly
influences its mechanical properties; higher crystallinity typically correlates with
increased strength and stiffness. Its tensile strength can withstand up to 910 MPa, and
its Young's modulus is around 23 GPa for all-cellulose composites.

However, on their own, cetlulose fibers often lack the mechanical strength and cannot
be used directly for structural purposes since they absorb too much water, have poor
dimensional stability, and are susceptible to moisture and microbial attack. stability,
low toughness, and weak resistance to heat. To overcome these challenges, further
modification is required for advanced applications, since cellulose can be combined
with synthetic polymers.[9] Polymer composites play an important role, which are
usually made of two or more materials, where one is a polymer matrix and the other is
a reinforcing filler. By combining these materials, composites become both lightweight
and stronger, tougher, and more stable than either material alone.

As a solution, Epoxy resins can be used as a matrix, which are thermosetting polymers
used in composites that go through irreversible chemical crosslinking between epoxide
groups and curing agents, yielding a highly cross-linked three-dimensional
network.[10] However, this process hinders remelting or reshaping, thereby
complicating the recyclability of the material.

Nevertheless, biodegradability, durability, and recyclability are all taken into account;
a rightful approach could be a PVA-cellulose-based composite, which helps to
overcome these problems because both materials contain many hydroxyl groups, which
form strong hydrogen bonds and improve adhesion at the interface. This leads to better
stress transfer, strength, and flexibility. For example, 10 wt% micro-fibrillated cellulose
to PVA increased its Young’s modulus from ~3.8 GPa to ~5 GPa. Similarly, a 10 wit%
cellulose nanofiber/PVA composite improved Young’s modulus from 45 MPa to 120
MPa.[11] Studies also confirm that small amounts of nanocellulose in PVA reduce water
absorption, improve thermal stability, and increase toughness without losing flexibility.
Due to these improvements, PVA—cellulose composites are widely studied for practical
applications, including biodegradable packaging, water-resistant membranes, and
biomedical products, offering a balance of strength, stability, and environmental
sustainability.

Further enhancement can be achieved by incorporating carbon nanotubes (CNTs).
CNTs are well known for their extraordinary tensile strength, stiffness, and electrical
conductivity. Even at low concentrations, CNTs significantly improve the strength,
toughness, and functional properties of polymer-based composites. Where the natural
fiber, as filler, provides sustainability, PVA, as matrix, offers flexibility and
processability, and CNTs deliver extended reinforcement.[12] This unique
reinforcement of cellulose/PVA/CNT composites holds great promise for applications
requiring materials that are both mechanically strong and environmentally friendly.




From packaging and biomedical uses to structural and functional materials, these
composites represent a forward-looking approach that bridges the gap between green
chemistry and high-performance engineering.

Particularly, the PVA—cellulose-CNT composite can act as both a sensor and a
transducer, as its conductive CNT network dispersed in the flexible PVA—cellulose
matrix responds sensitively to external stimuli, such as strain, pressure, or chemical
adsorption, by altering its electrical resistance or impedance. This property, along with
its lightweight, partially bio-based composition and good mechanical flexibility, may
enable it to be integrated into a wide range of electronic devices, including flexible and
wearable motion sensors, touch panels, pressure pads, and environmental monitoring
systems.[13] [14] It could also be useful for biomedical applications such as wearable
health-monitoring patches, respiration or pulse sensors, and implantable or skin-
interfaced devices.[15] Furthermore, its ability to transduce mechanical or chemical
signals into electrical outputs may make it useful in innovative applications such as
packaging, robotics, and structural health monitoring.[16] However, practical
application requires optimization of CNT dispersion, PVA crosslinking for water
resistance, and interfacial stability to ensure reproducible performance and long-term
reliability.

3. Objective
The objectives of this research are given below:

o To synthesize a PVA-based cellulose composite reinforced with carbon
nanotubes (CNTs).

» To synthesize an epoxy-based cellulose composite reinforced with carbon
nanotubes (CNTs).

» To investigate the structural characteristics, uniformity, and electrical
performance of the material.

¢ To evaluate the tensile properties and overall mechanical strength of the
composite.

¢ To analyze the influence of multi-walled carbon nanotubes (MWCNTs) on the
composite’s behavior.




4. Methodology
4.1 Fiber treatment

4.1.1 Alkalization

Alkaline treatment (NaOH) is widely used for jute fibers to remove lignin and
hemicellulose, improving bonding with polymer matrices. NaOH converts cellulose
I to cellulose II, increases surface roughness, and enhances adhesion and stress
transfer. Proper treatment improves tensile properties, but excessive removal can
weaken interfibrillar bonding.[3]

4.1.2 Bleaching
Bleaching removes remaining waxes and lignin that cause yellowing. Sodium
chlorite is effective because it increases brightness and stability while keeping
cellulose mostly intact. The process is done at controlled pH and around 70 °C using
acetic acid, followed by repeated DI water washing until neutral pH is
reached.[17][18]

4.2 Synthesis of CNTs
4.2.1 Covalent Method

Covalent functionalization is the most common functionalization strategy for CNTs,
which can be performed either by directly adding functional groups to the sidewalls of
the nanotubes or by chemically modifying existing surface groups on the tube ends.
Among the various approaches, oxidation is the most widely employed method using
strong oxidizing agents such as hydrochloric acid (HCI), nitric acid (HNOs), sulfuric
acid (H2S0.), and hydrogen peroxide (H203), introducing functional groups such as
hydroxyl (-OH) and carboxyl (-COOH) groups onto the CNT surface, and reduces van
der Waals-driven agglomeration. The incorporation of oxygen-containing groups not
only enhances dispersion and solubility but also provides a versatile platform for further
modification, such as esterification and the formation of polymers or
biomolecules.[19], [20]

Two conmunon acid treatments are used to functionalize CNTs, In the first method, the
nanotubes are heated in nitric acid (HNOs), which adds oxygen-containing groups to
their surface.[21] Another technique uses a mixture of sulfuric acid and nitric acid
(H:SO+HNO:s in a 3:1 ratio) combined with ultrasonication.[22] This treatment creates
more surface functional groups, opens the tube ends, and removes impurities, thereby
improving dispersion and making CNTs easier to modify further.
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Figure 2.12: Functionalization of CNTs through Oxidation

4.3 Fabrication of Cellulose-PVA—CNT Composite

The composite can be prepared by dissolving PVA in deionized water under heating
and stirring to form a clear solution. Cellulose is then added and mixed until a uniform
dispersion is achieved. After cooling, carbon nanotubes should be introduced and
thoroughly blended to ensure even distribution. Finally, the mixture would be cast into
a mould, dried, and heat-treated to obtain the final composite film.

4.4 Synthesis of Cellulose-Epoxy Composite

The composite can be synthesized by first warming the epoxy resin to reduce its
viscosity. Cellulose would then be gradually added under mechanical stirring to ensure
uniform mixing. After that, carbon nanotubes should be incorporated and thoroughly
dispersed. Once the mixture reached room temperature, a hardener is added and mixed
carefully. The blend would then be left to cure under ambient conditions, followed by
post-curing at an elevated temperature to obtain the final composite.




5. Characterization of the samples

5.1 X-Ray Diffraction (XRD)

The most suitable method for analyzing crystal structure (strain, grain, epitaxy, phase
composition, intended orientation, and defect structure) is X-ray diffraction (XRD), which is
easier, more accurate, and nondestructive. Phase classification, measurement, and the
resolution of crystal structural flaws are all accomplished using this traditional method. XRD
is also used to determine the thickness of thin films, multilayers, and atomic structures in
amotphous materials (including polymers) and interfaces.

5.2 Field Emission Scanning Electron Microscope (FESEM)

This technique leveraged technological advancements in Scanning Electron Microscopy
(SEM), an electron microscope, to generate higher-resolution images. Like traditional scanning
electron microscopes (SEMs), these microscopes operate in a stmilar manner. An image of the
sample surface and topography is produced by the reflected and interacting electrons as an
electron beam, focused by electromagnetic lenses, scans the specimen'’s surface.

5.3 Mechanical testing

A Universal Testing Machine {UTM) is designed to evaluate the mechanical properties of
materials under controlled conditions of loading, tension, compression, bending, etc. Without
attaching a computer (stand-alone), many automation systems can select a customized
displayer that can quickly and accurately gather test data.

5.4 Electrical properties

The frequency-dependent electrical properties of the cellulose-PVA-CNT and cellulose—
epoxy—CNT composites can be investigated using electrochemical impedance spectroscopy
(EIS), which provides detailed information on how different electrical parameters vary with
frequency.

6. Conclusions

This study focused on the preparation and evaluation of cellulose-based composites reinforced
with multi-walled carbon nanotubes (MWCNTs) in both thermosetting (epoxy) and thermoplastic
(PVA) matrices. The mechanical, structural, morphological, and electrical properties of the
composites can be analyzed using tensile testing, X-ray diffraction (XRD), field emission scanning
electron microscopy (FESEM), and electrochemical impedance spectroscopy (EIS).
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7. Time required for completion of the projects:
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