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The growing demand for eco-friendly construction materials underscores the need for
sustainable composite materials with enhanced mechanical and acoustic properties.
However, natural fiber composites often suffer from limited mechanical strength and
durability, necessitating appropriate treatments to improve their performance. This study
examines the impact of liquid smoke treatment on Sansevieria trifasciata Laurentii fiber
(STLF) reinforced composites, applying immersion durations of 1, 2, and 3 hours,
followed by heat treatment at 40°C for 30 minutes. The findings reveal that the 2-hour
treatment (P2J) resulted in the highest tensile strength (90.10 MPa), flexural strength
(42.78 MPa), and modulus of elasticity (33.746 MPa), whereas the 3-hour treatment (P3J)
achieved the highest impact strength (31.72 KJ/m®) and optimal sound absorption
coefficient (0.771 dB). However, extending the treatment to 3 hours led to a decline in
tensile and flexural strength, indicating that 2 hours is the optimal treatment duration for
maximizing mechanical performance. This research confirms that liquid smoke treatment
significantly enhances the mechanical and acoustic properties of STLF composites,

establishing them as a promising sustainable material for soundproof room partitions.

1. INTRODUCTION

Research on natural fiber composites has rapidly advanced
as a sustainable material solution, offering superior
mechanical and acoustic performance [1]. Natural fiber-based
composites hold significant potential for industrial
applications due to their favorable mechanical properties and
environmental sustainability [2]. The development of eco-
friendly acoustic composite materials is particularly relevant
for applications such as soundproof room partitions [3, 4].
Composites typically consist of fibers as reinforcing fillers and
resin as a binding matrix. The fabrication of composite
materials requires proper treatment to modify the micro- and
macro-structural properties of the fibers and the resin used as
a binder.

Previous studies have explored various fiber treatment
methods, including immersion in NaOH solutions [5-8], silane
treatments [9], turmeric soaking [10], seawater immersion
[11], liquid smoke treatment [12], and smoking techniques
[13, 14]. Surface treatments such as alkali solutions, silane
coatings, and other modification methods have been shown to
significantly enhance the mechanical properties of
composites. Youbi et al. [15] demonstrated that silane and
alkali treatments not only improve fiber tensile strength but
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also enhance interfacial shear stress between the fiber and
matrix. Additionally, the study by Yang et al. reported that
natural fibers can be effectively utilized as acoustic insulation
materials in buildings, with their sound-absorbing properties
optimized through appropriate treatments [16].

The NaOH treatment of fibers results in lignin degradation.
In this process, fibers are immersed in a 0.5% NaOH solution
for approximately 24 hours. Similarly, soaking fibers in
seawater leads to morphological changes by degrading the
lignin layer, which results in a rougher fiber surface [17].
Treatment of banana stem and king pineapple fibers with
liquid smoke further increases fiber roughness, promotes
crystallization, modifies functional groups, and enhances fiber
strength [18, 19]. Additionally, smoking king pineapple leaf
fibers creates a rougher, grooved surface, thereby increasing
the interfacial shear stress between the fiber and the matrix
[13]. Liquid smoke treatment of sago stem fibers also alters
their morphology, crystallinity, OH functional groups, thermal
stability, and tensile strength [18, 20-22].

These studies have also reported increased interfacial shear
stress between coconut fiber and the matrix when immersed in
a solution of 10% NaOH + 0.50% KMnO4 + 10% H»0,, as
well as enhanced single-fiber tensile strength with 20% NaOH
immersion [3]. Extended seawater immersion for four weeks
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has been found to increase single-fiber tensile strength [23],
while coconut fiber soaking in seawater improves interfacial
shear stress at the fiber-matrix interface [17]. Moreover,
heating Aka leaf fibers treated with turmeric for 1 hour
improves interfacial shear stress in fiber-epoxy composites
[24], and smoking king pineapple leaf fibers for 15 hours
enhances both single-fiber strength and interfacial shear stress
between the fiber and epoxy matrix [13].

The tensile strength and interfacial shear stress of natural
fibers exhibit considerable variation. Coconut fiber has a
tensile strength ranging from 52.65 to 280.94 MPa, with an
interfacial shear stress ranging from 1.19 to 4.13 MPa [25].
Palm fiber shows tensile strength values between 56.70 and
173.96 MPa [26], while Aka fiber has a tensile strength
ranging from 72.4 to 203.7 MPa, accompanied by a relatively
high interfacial shear stress of 13.63 to 29.48 MPa [24].
Among the studied fibers, king pineapple fiber exhibits the
highest tensile strength, ranging from 188.74 to 738.61 MPa,
and an interfacial shear stress between 4.48 and 17.15 MPa
[13]. Sago fiber has a tensile strength ranging from 37.21 to
50.81 MPa [18].

Different treatment methods have been applied to enhance
fiber properties. Coconut belt fiber undergoes turmeric
soaking to improve its characteristics [25], while palm fiber is
treated through sea water immersion [26]. Similarly, Aka fiber
benefits from turmeric soaking [24], and king pineapple fiber
undergoes fumigation to alter its surface properties [13].
Additionally, sago palm fronds and coconut belt fibers are
treated with liquid smoke, improving their mechanical and
chemical properties [18, 27]. These treatments play a crucial
role in optimizing the performance of natural fiber-based
composites.

The present research focuses on utilizing STLF as a
composite material for environmentally friendly room
partitions. Previous studies have examined the microstructural
properties of STLF, including morphology, crystallinity,
functional groups, and chemical composition, revealing that
liquid smoke treatment influences these characteristics.
Building on these findings, this study will investigate the
macrostructural properties of STLF-reinforced composites,
including impact, flexural, tensile, and acoustic properties.
Environmentally sustainable treatment materials, such as
Grade 3 liquid smoke, will be employed, with STLF serving
as the fiber reinforcement. STLF fibers used in this study are
sourced from snake plant flowers in Ternate, Indonesia. Given
the potential of STLF, this research aims to enhance its role as
a reinforcing material in acoustic composites. The primary
objective of this study is to analyze the effects of liquid smoke
treatment on the mechanical properties (impact strength,
flexural strength, and tensile strength) of STLF composites, as
well as to assess their acoustic performance for soundproof
room partition applications.

2. MATERIALS AND METHODS
2.1 Material

In this study, STLF was used as the raw material. The fibers
were obtained from plants with an approximate growth age of
five years, with an average leaf length of 70-90 cm and a width
of 5-6 cm. The plants were sourced from the foothills of
Mount Gamalama, located in the Ternate Islands, North
Maluku Province, Indonesia, as illustrated in Figure 1.

2.2 Fiber extraction

The fiber extraction process (Figure 2) was carried out using
the water immersion method, in which plant stems were cut,
separated from their roots, and soaked in fresh water for 3—4
weeks until decomposition occurred. The degradation process
was indicated by leaf softening, brown discoloration, and the
release of an unpleasant odor. During immersion, microbial
activity  facilitated the breakdown of non-cellulose
compounds, weakening the bonds between cellulose fibers and
other structural components. After the immersion period, each
stem produced 10-20 single fibers, which were manually
extracted using a hair comb, thoroughly washed with distilled
water, and air-dried at ~25°C to prevent bleaching [28].

FIBER
EXTRACTION
PROCESS

Figure 2. Fiber extraction process
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Figure 3. Fiber reaction with liquid smoke [29, 30]



2.3 Liquid smoke treatment

In this study, the fiber was soaked in liquid smoke for 1, 2,
and 3 hours, followed by heat treatment at 40°C for 30
minutes. After treatment, the fibers were used to fabricate
composite materials, which were then tested for impact,
flexural, tensile, and acoustic properties of the STLF
composite, as illustrated in Figure 3 and Figure 4.

1S TTEP

Fiber Preparation :

The fibers are separated and
placed in containers in
preparation for the treatment
process.

2 STEP J

Liquid SmoKe Application :
Liquid smokKe is applied to the
fibers

L> SESTEP

SoaKing in Liquid SmoKe :

The fibers are soaKed in liquid
smoKe for different time
durations 1, 2, and 3 hours

4° STEP J

Drying the Fibers :
The soaKed fibers are placed in
an oven for drying at 40°C

L> SISTER

Monitoring the Process |

The drying process is monitored
using a temperature and timer
display, ensuring the fibers are
dried properly

6° STEP <J

The processed fibers are now
ready to be used as reinforcing
materials in the production of
polymer composites

Figure 4. Fiber treatment process
2.4 Composite fabrication method

STLF was cut into 10 mm lengths to serve as the reinforcing
material, while Yukalac 157 polyester resin was used as the
matrix [31]. The fiber and matrix were mixed in a 60:40
volume fraction ratio, with each component precisely weighed
before blending. The mixture was then placed into a metal
mold, following specific standards for mechanical testing. The
compaction process was performed using unidirectional
pressure (single compaction) of 85 MPa at room temperature
for 10 minutes. After molding, the composite was left to cure
at ambient conditions for 24 hours, followed by oven heating
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at 40°C for 2 hours to ensure complete drying [32]. The

composite fabrication process can be seen in Figure 5.

Figure 5. Composite fabrication

2.5 Tensile strength test

The tensile strength test was conducted according to ASTM
D638-Type IV standards using a Universal Testing Machine
(UTM) Type PM 100 Galdabini with a 100 kN capacity.
Samples were prepared by molding the composite with a 30%
fiber composition. After molding, the samples were shaped to
standard specifications and mounted onto the UTM machine
clamps. Each tensile test was performed four times, and the
results were recorded as the average value [33].

2.6 Impact toughness test

The impact strength test followed ASTM D5942 standards,
using the Charpy method. Samples were prepared by molding
the composite with a 30% fiber composition. After molding,
the samples were shaped according to standard specifications
and placed on the specimen base of the UTM machine. A
shock load (W) was then applied to each specimen. The test
was conducted three times, and the results were averaged [34].

2.7 Flexural strength test

The flexural strength test was performed in accordance with
ASTM D790-03 standards using a Universal Testing Machine
(UTM) Type PM 100 Galdabini with a 100 kN capacity.
Samples were prepared by molding the composite with a 30%
fiber composition. After molding, the specimens were shaped
according to standard specifications and mounted on the UTM
machine support. A load (P) was applied, and each specimen
was tested four times, with results calculated as the average
value [35, 36].

2.8 Acoustic absorption coefficient measurements

The acoustic absorption coefficient was measured following
ISO 11654:1997 standards in a soundproof room setup.
Composite specimens were prepared with a 30% fiber
composition and molded to standard specifications. The
specimens were then positioned within the testing box, placed
between the sound source room and the soundproof room.
Each test was conducted three times, and the average sound
absorption coefficient was recorded.

3. RESULTS AND DISCUSSION
3.1 Tensile strength of composites

The tensile strength, elongation, and tensile modulus of



each treated composite were compared to those of the
untreated composite, as shown in Figure 6. The test results
indicated that the tensile strength ranged from 78.77 MPa to
85.60 MPa, while the tensile modulus varied between 67.08
MPa and 78.75 MPa. Additionally, the elongation ranged from
2.67% to 5.00%. The average values obtained from the tensile
tests are illustrated in the following graph.

The test results indicated that the tensile strength of TP fiber
composites averaged 86.67 MPa. Fibers treated for 1 hour
showed a decrease to 82.43 MPa, while those treated for 2
hours exhibited an increase to 90.10 MPa, surpassing both
untreated fibers and the 1-hour treatment. However, fibers
treated for 3 hours experienced a decrease to 82.02 MPa, lower
than untreated fibers and those treated for 1 and 2 hours.

Il Tensile Strength (MPa)
I Modulus Elastic (MPa)
[ |

Elongation (%)

100

90.1

Properties mechanis

TP P1J P2J

Treatment

P3J

Figure 6. Correlation between tensile strength and treatment
variations

Regarding strain/elongation, untreated fibers had an
average strain of 3.42%, which increased to 4.00% with a 1-
hour treatment. However, fibers treated for 2 hours showed a
decrease to 2.67%, lower than both untreated and 1-hour
treated fibers. The 3-hour treatment resulted in a slight
increase to 3.00%, surpassing the 2-hour treatment but
remaining lower than untreated and 1-hour treated fibers.

For the modulus of elasticity, untreated fibers had an
average value of 25.341 MPa. Fibers treated for 1 hour showed
a decrease to 20.608 MPa, while those treated for 2 hours
demonstrated a significant increase to 33.746 MPa, exceeding
both untreated and 1-hour treated fibers. However, fibers
treated for 3 hours experienced another decrease to 27.341
MPa, lower than untreated and 1-hour treated fibers, but higher
than the 1-hour treatment.

After experimental testing, a tensile test simulation was
conducted to analyze the stress distribution in the composite
material. The simulation began with modeling the specimen
according to its actual dimensions, followed by inputting the
experimentally obtained material properties, including
density, ultimate tensile strength, maximum tensile stress,
applied load, and Young’s modulus (the ratio of stress to
strain). The tensile test specimen modeling was performed
using Abaqus software. The fracture position was set at the
midpoint of the gauge length, replicating the actual fracture
location observed in the experimental tests.

The maximum stress distribution in the composite under
applied loading was then analyzed. Using finite element
analysis software, the location of maximum composite stress
was identified, as illustrated in Figure 7.

In the simulation results, the red areas represent regions of
maximum stress and strain in the composite model. Across all
four composites, the stress concentration was observed in the
same region of the test specimen, coinciding with the fracture
point from experimental testing. The simulation indicates that
maximum stress occurs at multiple locations, primarily in the
breaking zone of the specimen. This maximum stress region
corresponds to areas where the specimen undergoes the
highest strain, leading to significant thinning or reduction in
thickness. Fracture initiation typically occurs in these regions,
as the external stress and strain distribution varies based on
fiber orientation.

The tensile strength analysis of Sansevieria trifasciata
Laurentii fibres fibre-reinforced composites treated with
liquid smoke demonstrated an improvement in mechanical
properties. The tensile strength of the untreated TP composite
was 86.67 MPa, whereas the P2J treatment increased the
tensile strength to 90.10 MPa. These findings align with
previous research, which reported that liquid smoke treatment
enhances the mechanical properties of natural fibers [18, 19,
29] and improves fiber-matrix bonding [20, 22].

Figure 7. Simulation results in abaqus software (a) Without treatment, (b) 1 hour treatment, (c) 2 Hour treatment, (d) 3 Hour
treatment
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3.2 Composite impact strength

The impact strength of untreated and treated composites is
presented are shown in Figure 8.
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Figure 8. Impact test

Based on the impact test observations, the impact strength
of the untreated composite (TP) was 28.788 KJ/m? An
increase was observed in the 3-hour liquid smoke-treated
composite (P3J), which reached 31.727 KJ/m2. These results
are consistent with previous studies indicating that liquid
smoke treatment enhances the mechanical properties of
composites [12, 27, 37].

3.3 Flexural strength of composites

The data from the composite bending test results on
composites without treatment and with treatment variations
can be seen in the Figure 9.

Figure 9 shows that the bending strength of the composite
with untreated fiber reinforcement (TP) is 42,198 MPa, while
the one that went through the treatment process increased at 2
hours (P2J) of 42,780 MPa. This is in line with previous
research statements that fibers that go through the liquid
smoke treatment process can increase the mechanical
properties of the fiber [18]. The Observation of Bending
Fractures with a Digital Microscope is shown in Figure 10.

250

200
s
2.
2150 - m TP
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Figure 9. Flexural strength
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P2J

Figure 10. Composite fracture observations

The results of the bending test fracture observations were
obtained on specimens without treatment, seen that the broken
fibers were still long, and on specimens that had been soaked
in liquid smoke, they were shorter from variations of 1,2, and
3 hours. This shows that the compatibility of the fiber with the
matrix is more robust because the fiber has gone through the
liquid smoke treatment process. This finding is in line with
previous research, which states that fibers treated with liquid
smoke can increase the adhesion properties between the fiber
and the matrix [9, 22, 33], fiber treatment with liquid smoke
has the potential to increase the bonding of fibers and the
matrix [20, 38].

3.4 Acoustic properties of composites

The results of measuring the composite sound absorption
coefficient on composites without treatment and with
treatment variations. From the data results, the difference in
sound absorption coefficients in treatment variations can be
seen in Figure 11.

From the results above, it can be seen that the longer the
soaking time, the greater the sound absorption coefficient.
This is because the fiber pores are getting bigger. This is in
line with previous research, which states that soaking fibers in
liquid smoke can change the morphology to become more
porous [18, 29].
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0.800
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0.400

Sound coefficient

0.200
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Figure 11. Sound coefficient with various treatments

Based on the test results presented, this study evaluates the
effect of liquid smoke treatment on various mechanical
properties of fiber-reinforced composites. Several tests were



conducted, including tensile tests, impact tests, bending tests,
and sound absorption tests, and they were conducted with
variations in liquid smoke treatment time for 1, 2, and 3 hours,
as well as comparisons with conditions without treatment.

0.758
i
P P1J P2J P3

Figure 12. The average sound coefficient

The results showed that the composite's tensile strength
increased at 2 hours of treatment, with the highest value of
90.10 MPa compared to the untreated condition. However, at
3 hours of treatment, there was a decrease in tensile strength.
This shows that liquid smoke treatment has a significant effect
on the composite's mechanical strength, although there is an
optimal limit to the treatment time. The impact test results
showed an increase in toughness at 3 hours of treatment, with
the highest value of 34.51 KJ/m?, while the lowest value was
achieved at 1 hour of treatment. This indicates that the impact
toughness of the composite can be increased with more
extended liquid smoke treatment, but the effect of the increase
is not linear and is influenced by the treatment time. In the
bending test, the 2-hour treatment produced the highest
bending strength of 53,616 MPa, while without treatment, the
average value was 42,198 MPa. This increase shows that the
liquid smoke treatment strengthens the composite's flexural
strength, especially in the 2-hour treatment. The sound
absorption coefficient increased with the duration of liquid
smoke treatment, with 3 hours of treatment producing the
highest coefficient of 0.771 dB. This increase indicates that
liquid smoke treatment increases the fiber's ability to absorb
sound, making the composite more effective as an acoustic
material (Figure 12).

Overall, this study proves that liquid smoke treatment
significantly improves the composite's mechanical properties,
especially tensile strength, impact, bending, and sound
absorption. Treatment time variation plays a vital role in
determining optimal results, and 2 hours of treatment gives the
most consistent results. This aligns with previous research that
emphasizes the role of surface treatment techniques, such as
alkali-silane treatments, in enhancing the interfacial adhesion
between fibers and polymer matrices, which ultimately
improves the overall mechanical performance of the
composites [39].

4. CONCLUSIONS

This study examined the effects of liquid smoke treatment
on the mechanical properties and acoustic performance of
Sansevieria trifasciata Laurentii fiber (STLF)-reinforced
composites for potential application in soundproof room
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partitions. The results indicated that a 2-hour treatment (P2J)
yielded the highest tensile strength (90.10 MPa), flexural
strength (42.78 MPa), and modulus of elasticity (33.746 MPa),
demonstrating  significant mechanical enhancements.
Meanwhile, the 3-hour treatment (P3J) resulted in the highest
impact strength (31.72 KJ/m?) and the best sound absorption
coefficient (0.771 dB). However, extending the treatment
duration to 3 hours led to a reduction in tensile and flexural
strength, suggesting that an optimal treatment duration exists
for maximizing mechanical performance. The treatment time
variations significantly influenced the composite’s overall
properties, with 2-hour treatment providing the best balance
between strength and stiffness, while 3-hour treatment
enhanced impact toughness and acoustic performance but
compromised tensile and flexural strength. A key limitation of
this study is the lack of long-term durability analysis,
particularly regarding environmental resistance. Future
research should investigate the effects of prolonged exposure
to humidity and temperature fluctuations, as well as explore
alternative fiber-matrix ratios to further optimize the
composite’s performance.
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