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ABSTRACT

Today, the use of polymer concrete is limited to special cases due to
the high price. The most popular polymer resin used in concrete is
unsaturated polyester resin. This kind of resin is widely used because
it is accessible, affordable, has good mechanical qualities, and has a
high compressive strength. This article's goal is to look into the
mechanical characteristics of polyester resin-prepared polymer
concrete with CNF/SiO2 nanocomposite, compressive, bending, and
abrasion resistances, water penetration depth under pressure and its
durability in acidic environments. The mixing plan including samples
containing 5, 10 and 15% of polyester resin and 1, 2, 3% of CNF/SiO2
was prepared and the resistance and durability were investigated. The
findings of this study then demonstrated that, during the initial
processing of polymer concrete, it showed high mechanical resistance
and with the increase of CNF/SiO2, its resistance increased more, the
best sample CP10-CS2 has 10% polyester resin and 2% of CNF/ SiO2.
Also, after 3 and 10 months exposure to corrosive acid, the samples
showed less than 10% and 20% loss in compressive strength,
respectively.
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Extended Abstract

This study focuses on enhancing the performance
of polymer concrete (PC) by incorporating a
nanocomposite of cellulose nanofibers (CNF) and
silica (SiOy) into an unsaturated polyester resin
matrix. Polymer concrete, known for its superior
mechanical strength, low permeability, and
exceptional durability compared to conventional
cement-based concrete, is often limited by its high
production costs. The motivation behind this
research is to optimize the material properties of
polymer concrete by modifying its composition to
achieve a balance between performance and cost-
efficiency. By introducing CNF/SiO;
nanocomposites, the study aims to improve
mechanical and chemical performance, thereby
expanding the potential applications of polymer
concrete in various industries, especially where
enhanced durability and mechanical resistance are
required.

1. Introduction

Polymer concrete, which has been in development
since the 1950s, is highly regarded for its
remarkable mechanical properties, including high
compressive and tensile strengths, superior
resistance to chemical attacks, and minimal water
permeability. However, the prohibitive cost of
polymer resins, particularly unsaturated polyester
resins, has limited its adoption in large-scale
construction projects. One of the primary
objectives of this research is to develop a cost-
effective formulation of polymer concrete that
retains the material's exceptional properties while
reducing  overall  production costs. The
incorporation of nanocomposites, specifically
CNF/SiOy, into the polymer matrix is expected to
enhance the performance characteristics of
polymer concrete, making it more viable for
diverse applications, including use in harsh
environments and high-stress applications.

2. Materials and Methods

The materials used in this research include
unsaturated polyester resin, cellulose nanofibers
(CNFs), and silica (SiO2). CNF, known for its high
surface area and excellent mechanical properties,
was functionalized with carboxyl groups using
concentrated nitric acid to facilitate its dispersion
within the polymer matrix. Silica (SiO.), a widely
used nanofiller, was introduced to further enhance
the mechanical properties and increase the surface
area for polymer interactions. The CNF/SiO;
nanocomposite was then prepared through
electrospinning, followed by mixing with the
polyester resin at different concentrations.
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For the experimental work, various samples of
polymer concrete were prepared by varying the
polyester resin content (5%, 10%, and 15%) and
the nanocomposite concentration (1%, 2%, and
3%). These samples were identified by their
respective compositions, such as PC10-CS2, which
represents 10% resin and 2% nanocomposite. The
key tests performed to evaluate the mechanical and
durability properties of the samples include:

- Compressive strength: Measured according to
European standard EN 12390-3.

- Bending strength: Evaluated using German
National Standard DIN 1048-5.

- Abrasion resistance: Determined based on
European standard EN 1338.

- Water penetration depth:
pressure as per EN 12390-8.
-Durability against sulfuric acid: Samples were
exposed to sulfuric acid for 300 days to evaluate
their chemical resistance.

3.Results and Discussion

3.1 Mechanical Properties

The addition of CNF/SiO2 nanocomposites
significantly enhanced the mechanical properties
of the polymer concrete. The compressive strength
of the samples showed a marked improvement
with the incorporation of 2% CNF/SIiO;
nanocomposites. Among all formulations, the
PC10-CS2 sample, containing 10% polyester resin
and 2% CNF/SiO2 nanocomposites, exhibited the
highest compressive strength. This sample
achieved a significant increase in compressive
strength compared to pure polyester resin samples
without  nanocomposites.  However,  further
increases in nanocomposite content (3%) did not
show any additional benefits, indicating an optimal
threshold for nanocomposite inclusion.

The bending strength of the polymer concrete was
also improved with the addition of
nanocomposites. The sample with 2% CNF/SiO,
outperformed other formulations, exhibiting
enhanced flexibility and resistance to bending
forces. This suggests that the nanocomposites
contribute to a more robust bonding between the
resin and the aggregates, resulting in better load
distribution and higher overall strength.

In terms of abrasion resistance, the polymer
concrete containing 10% resin and 2% CNF/SiO>
(PC10-CS2) demonstrated superior wear resistance
compared to all other formulations. This property
is particularly crucial for applications where the
material is subject to high abrasion, such as in
flooring or infrastructure exposed to heavy traffic.

Measured under



3.2 Durability
Water penetration tests revealed that the
incorporation of CNF/SiO, nanocomposites

significantly reduced the water penetration depth.
The PC10-CS2 sample demonstrated the lowest
water  penetration,  indicating  that  the
nanocomposites acted as an effective barrier
against moisture ingress. This characteristic is vital
for applications in wet or submerged
environments, where the material’s resistance to
water absorption can prevent degradation and
prolong the life of structures.

In acidic environments, particularly sulfuric acid
exposure, the polymer concrete with CNF/SiO;
nanocomposites exhibited exceptional chemical
resistance. After 300 days of exposure, the
compressive strength of the PC10-CS2 sample
showed only a 23% reduction, a remarkable result
considering the aggressive nature of sulfuric acid.
This performance highlights the potential of this
polymer concrete formulation for use in corrosive
environments, such as sewage treatment facilities
and industrial applications where exposure to
harsh chemicals is common.

4.Conclusion and Future Work

This research demonstrates that the incorporation
of CNF/SiO, nanocomposites into unsaturated
polyester resin significantly enhances the
mechanical and durability properties of polymer
concrete. The optimal formulation, PC10-CS2,
consisting of 10% resin and 2% CNF/SiO;
nanocomposites, achieved the best overall
performance, showing significant improvements in
compressive strength, bending resistance, abrasion
resistance, water penetration, and chemical
durability. These findings suggest that polymer
concrete with CNF/SiO, can be a promising
material for applications in harsh environments,
potentially  revolutionizing the construction
industry by providing a more durable, high-
performance alternative to traditional concrete.
Further research is recommended to explore the
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long-term performance of these materials under
real-world conditions, such as thermal cycling,
exposure to different environmental stresses, and
load-bearing tests over extended periods.
Additionally, the effects of varying the processing
conditions or exploring other types of fibers or
nanomaterials could lead to further improvements
in the performance and cost-effectiveness of
polymer concrete.

5. Implications for Industry

The results of this study have significant
implications for industries requiring high-
performance materials that can withstand harsh
conditions, including marine  structures,
wastewater treatment facilities, and high-traffic
infrastructure. The ability to tailor the mechanical
and chemical properties of polymer concrete by
adjusting the nanocomposite content provides a
flexible approach to meeting the demands of
diverse applications.
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