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Abstract

Discarded cigarette butts are a global environmental hazard, degrading aesthetics and polluting ecosystems with
persistent toxins like heavy metals and cellulose acetate. They also clog water treatment systems, increasing
operational costs. Meanwhile, synthetic fibers have proven effective in enhancing concrete durability. This study
explores repurposing cigarette filter fibers (CFF) in concrete as a sustainable waste solution, testing their impact
on compressive strength (at 5 mm, 10 mm, and 15 mm lengths), drying shrinkage, and chloride resistance.
Results are compared to jute fiber-reinforced concrete to evaluate performance trade-offs. This study investigates
the potential of repurposing cigarette filter fibers (CFF) as a reinforcing material in concrete, comparing their
performance with jute fibers (JF). Using a 1:1.5:3 mix design, compressive strength, drying shrinkage, and
chloride penetration resistance were evaluated at 7 and 28 days for the different fiber lengths. Results indicate
that 10 mm CFF specimens achieved comparable compressive strength to plain concrete, while JF-enhanced
concrete exhibited superior strength. Drying shrinkage tests revealed a marginal reduction in strain for CFF
concrete (1.05%) versus control (1.07%), whereas JF concrete showed higher susceptibility (1.26%). Rapid
Chloride Permeability Test (RCPT) demonstrated that CFF concrete had chloride ion penetrability similar to
plain concrete, outperforming JF concrete. The findings suggest that CFF-reinforced concrete offers a sustainable
waste management solution without compromising structural integrity, though further refinement is needed to
enhance durability. This research contributes to the discourse on eco-friendly construction materials by
valorizing a hazardous pollutant into a viable resource.
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1 Introduction

Cigarette butts are the most discarded waste item globally, with around 4.5 trillion littered annually (Novotny et
al., 2009). Despite being mistaken for harmless organic waste, they consist of non-biodegradable materials and
toxic chemicals that persist in the environment. Their accumulation harms ecosystems, as marine animals often
ingest them, leading to poisoning, while leached chemicals contaminate soil and water, endangering both
terrestrial and aquatic life (Slaughter et al., 2011). Additionally, cigarette waste clogs water treatment systems
due to its small size and fibrous nature, increasing maintenance costs and risking groundwater contamination,
which affects drinking water sources. Cox’s Bazar, a prominent tourist beach in Bangladesh, faces severe
pollution from cigarette butts, which degrade its aesthetic and ecological value (Howlader et al., 2023; Ahmed
and Chowdhury, 2021; Alam and Hossain, 2020). The filters, made of cellulose acetate, take years to decompose,
releasing harmful substances like nicotine and heavy metals, posing long-term risks to wildlife and human
health.

The construction industry has explored using fibers, such as steel and plastic, to reinforce concrete, improving its
strength and durability. Recently, researchers have investigated recycling cigarette filter fibers in concrete as a
sustainable solution for waste management. Studies show that these fibers can enhance thermal insulation and
reduce concrete density, making them suitable for lightweight construction (Ahmadi et al., 2017; Kurmus and
Mohajerani, 2020; Ahmed et al., 2022). However, their use also decreases compressive strength and workability,
limiting applications to non-load-bearing structures. In contrast, jute fibers, a natural alternative, improve tensile
and flexural strength while offering thermal and acoustic benefits (Rahman and Haque, 2020; Islam et al., 2016;
Kumar et al., 2018; Islam and Hossain, 2020; Ali et al., 2012). Besides, chemical treatment of jute fibers can
enhance their mechanical performance (Wang et al., 2019; Ahmad et al., 2022). Both materials align with
circular economy principles by repurposing waste and reducing reliance on virgin resources.

Research on cigarette filter fibers in concrete has primarily focused on compressive strength, but this study
examines their impact on drying shrinkage and chloride penetration resistance - key factors for structures near
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water. While cigarette fiber concrete shows promise for insulation and soundproofing, its mechanical limitations
restrict its use. Jute fiber-reinforced concrete, on the other hand, offers better mechanical properties and
sustainability but requires treatments to prevent biodegradation. Both materials present opportunities for eco-
friendly construction, balancing waste reduction with performance. By integrating cigarette waste into concrete,
the study aims to mitigate environmental harm while exploring innovative building solutions, though further
research is needed to optimize their applications.

2 Methodology

2.1 Materials

Based on the literature review, the optimal percentages of jute fibers and cigarette filter fibers were determined to
be around 0.25% and 0.2% by weight of cement, respectively (Khojasteh Zinjanab et al., 2024; Islam et al.,
2016; Kumar et al., 2018). In this study, both types of fibers were cut into lengths of 5 mm, 10 mm, and 15 mm.
These percentages and lengths (for jute fibers) were selected to achieve a balance between strength and
workability, as supported by the reviewed studies.

The jute fibers were treated by soaking them in a 6% NaOH solution, followed by oven drying for 90 minutes.
After treatment, the fibers were rinsed with distilled water and dried in the oven until completely dry. Cigarette
filter waste was collected, and the filter fibers were separated, cleaned with alcohol to eliminate dirt and bacteria,
and then shredded for use.

Portland Composite Cement, brick chips coarse aggregates and sand were collected for the casting of specimens.
The absorption capacities of sand and brick chips were determined to be 8% and 10%, respectively. They were
soaked in water for 24 hours before use for concrete casting. A 1:1.5:3 (cement: sand: coarse aggregate) mix
design ratio and a water-cement ratio of 0.5 were utilized for the casting of specimens. The following table
shows the amounts used per cylinder and per batch.

Table 1. Constituents of concrete mixture based on mix design

Constituents Cigarette Jute fiber Cement Sand Brick chips Water
fllte(r guber @ (kg) (kg) (kg) (9)
g
Per cylinder 1.26 1.58 0.632 1.06 2.07 0.316
Mixture 8.85 11.06 4.42 7.38 14.54 2.21

2.2 Preparation of Specimens and Test Procedure
The specimens were then cast to perform the following tests:

eCompressive Strength: 102 mm x 203 mm cylinders were cast for all lengths of cigarette filter fiber
concrete, jute fiber concrete and control specimens using the mix design and amounts shown above. The
samples were demolded after 24 hours of casting and moist cured for a period of 7 and 28 days. Then,
they were tested using a universal testing machine (UTM) by following ASTM C309.

eDrying shrinkage: Beam specimens of 76 mm x 76 mm x 302 mm size were formed by casting them from
the concrete mixture and then moist-cured for 28 days. After curing, the beams were transferred to a
drying room with a controlled environment of 50% relative humidity and a temperature of 73 °F (23
°C). The variation in beam length was monitored over time using a comparator following ASTM C157.

eRapid Chloride Penetration Test (RCPT): The RCPT was conducted following ASTM C1202. A 102-mm
diameter cylindrical sample was coated with epoxy sealing material around its perimeter, vacuum-
saturated, and positioned in a test cell between two chambers: one containing a NaCl solution and the
other holding a NaOH solution. A 60-volt potential was applied across the cell, and the current
generated was measured at regular intervals over a 6-hour period.

3 Results and Discussion

3.1 Compressive Strength

Figure 1 compares the 7-day compressive strength of jute fiber (JF) and cigarette filter fiber (CFF) concrete at
different lengths. Both fibers at 5 mm matched control strength, showing minimal reinforcement. However, 10
mm JF specimens exhibited a significant strength increase, while CFF remained near control level. This trend
persisted at 15 mm, with JF maintaining high performance and CFF showing negligible improvement. Research
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suggests optimal bonding for JF at 10-15 mm fiber length (Ali et al., 2021, Onuaguluchi and Banthia, 2016),
while CFF’s poor structural integration possibly limits performance (Khalaf et al., 2022, Ahmad et al., 2019).
Despite potential mixing inconsistencies, results were consistent, though future studies should optimize fiber
dispersion and curing conditions for reliability.

Compressive Strength at 7 days

14 |
§ 12 4

=10

7

=

£ 8

a1 BJF

2 6

& OCFF

2

& % Control
g

=]

Q

Control

Length of fibers, mm

Figure 1. Compressive strength comparison of CFF and JF concrete at 7 days.
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Figure 2. Compressive strength comparison on of CFF and JF concrete at 28 days.

Figure 2 shows the 28-day compressive strength of JF and CFF concrete at varying fiber lengths compared to
plain concrete. At 5 mm, JF matched control strength, while CFF showed a 14% increase. The 10 mm JF
specimens achieved a significant strength gain, confirming optimal fiber-matrix interaction, whereas 15 mm fiber
incorporated specimens underperformed for both types of fiber. This supports existing research identifying
around 10-15 mm as the ideal length for JF concrete, balancing strength and workability.

CFF concrete’s near-control strength at 10 and 15 mm indicates its primary benefits lie in reduced density and
waste utilization rather than strength enhancement. The performance improves in 5 mm specimens for CFF
highlights the need for optimal length selection, as excessive lengths can create weak zones. These findings align
with studies emphasizing fiber length’s critical role in balancing reinforcement effectiveness and workability in
fiber-reinforced concrete (Pham, 2025).

2557



S. Safah, J. Islam, A. Saleh & A. Horaira
ICCEI 2025

3.2 Drying Shrinkage

Table 2 shows the results of drying shrinkage test of concrete with 10 mm fibers which can be considered as the
optimum fiber length for strength of concrete in the current study. Drying shrinkage results varied significantly
due to uncontrolled humidity and temperature conditions during testing. Standard concrete typically shrinks
0.050-0.060% after 28 days, though specifications often require stricter limits (0.035-0.040%) with modified
curing (Maghfouri et al. 2020). ASTM C157 tests showed CFF concrete slightly reduced shrinkage (1.05%)
versus plain concrete (1.07%), while JF concrete increased it (1.26%). This aligns with studies showing synthetic
fibers like CFF mitigate shrinkage through crack-bridging, whereas natural fibers like jute exacerbate it through
moisture absorption (Zhang, 2021). CFF's effectiveness despite minimal processing highlights its potential for
shrinkage control without compromising strength.

The variability in fiber-reinforced concrete shrinkage studies underscores the need for standardized testing.
While CFF's modest shrinkage reduction (0.001%) supports its use in durability-critical applications, JF's higher
shrinkage limits its suitability for sensitive designs. Research indicates fiber dispersion and curing conditions
significantly impact results (Ohemeng, 2022), suggesting future work must better control these factors to assess
fiber length effects. These findings position CFF fibers as a viable shrinkage-reduction solution, while JF fibers
may need additional refinement for practical use.

Table 2. Drying shrinkage expressed in % strain.

Fiber type Test Results (mm) Average (mm) % strain
Control 3.357 3.256 1.07
3.156
Cigarette filter fiber 3.248 3.211 1.05
(CFF) 3.173
Jute fiber (JF) 3.965 3.851 1.26
3.737

The tests showed CFF concrete reduced shrinkage strain by 0.0002% versus plain concrete, while jute fiber (JF)
concrete performed worst. Since concrete strain is critical at 0.001%, even minimally processed CFF fibers
notably improved shrinkage resistance through anchoring effects without compromising strength. This suggests
CFF fibers enhance durability against shrinkage cracks while maintaining structural performance, unlike
moisture-sensitive JF fibers. The findings highlight CFF's potential as a simple, effective additive for shrinkage
control.

3.3 Resistance to Chloride lon Penetration

The Rapid Chloride Permeability Test (RCPT) measures concrete's chloride resistance by assessing charge
passed over six hours, indicating permeability through electrical conductivity. Figure 3 shows the effect of 10
mm fibers on the on the resistance to chloride-ion penetration of 28-day cured concrete in comparison with that
of control concrete. Jute fiber (JF) concrete showed highest chloride ion penetrability while cigarette filter (CFF)
concrete and plain concrete showed moderate chloride ion permeability.

Though treating JF with NaOH can significantly improve its mechanical performance, JF may become
conductive due to the treatment with NaOH solution (Sengupta and Sengupta, 2012). This may have allowed the
higher charge passed through the JF incorporated concrete compared to normal concrete. This reveals a
durability-performance trade-off: JF's strength is offset by high chloride susceptibility, restricting marine use,
while CFF balances both. This indicates fiber-matrix interactions may dictate permeability, making CFF
practical for moderate chloride exposure, whereas JF needs coatings for harsh conditions. The findings stress
prioritizing durability or strength based on application needs.

The divergent behavior-where CFF specimens exhibited superior chloride permeability resistance but lower
strength, while JF specimens showed the opposite trend-highlights a fundamental trade-off. The effectiveness of
CFF in reducing permeability is likely due to its micro-scale bridging effect, which efficiently blocks pore
connectivity and crack propagation. This, however, comes at the cost of compressive strength, possibly due to
fiber clumping and a poor fiber-matrix bond (Khalaf et al., 2022, Ahmad et al., 2019). On the other hand, the jute
fibers, being stronger and stiffer with improved fiber crystallinity due to the alkali treatment, contribute more
effectively to carrying compressive loads (Wang et al., 2019). Yet, their conductive nature due to the alkali
treatment could create easy pathways for chloride ingress, resulting in higher RCPT values (Sengupta and
Sengupta, 2012).
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Figure 3. Charged passed through 28-day cured CFF, JF and control concrete.
4 Conclusions

This study explored the use of waste cigarette filter (CFF) fibers (5 mm, 10 mm, 15 mm) in concrete, assessing
durability properties such as drying shrinkage and chloride penetration resistance, while comparing performance
to jute fiber (JF)-reinforced concrete. Results showed that CFF fibers can be effectively repurposed in concrete
without significantly compromising structural integrity. At an optimal 10 mm length, CFF-reinforced concrete
achieved compressive strength comparable to plain concrete, though lower than JF-reinforced samples. However,
JF concrete exhibited higher drying shrinkage (1.26% vs. 1.05%) and greater chloride permeability, indicating
potential durability concerns in harsh environments. The key advantage of CFF fibers lies in their ability to
transform an environmental pollutant into a construction material, aligning with circular economy principles
while maintaining balanced durability performance.

Beyond mechanical properties, the study highlights the environmental benefits of using CFF fibers in concrete,
offering a sustainable solution to cigarette waste pollution. Future research should focus on optimizing fiber-
water interactions, preventing potential chemical leaching, and exploring hybrid fiber systems to enhance
performance. This approach demonstrates how waste materials can be repurposed to address both environmental
and construction challenges, paving the way for more sustainable building practices. By integrating CFF fibers
into concrete, the study presents a practical model for transforming hazardous waste into a valuable resource.
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