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Abstract

Interest in biodegradable and sustainable is steadily rising which has made the investigation into natural
fibre reinforced biopolymers. Among these, poly(3-hyroxybutyrate-co-3-hydroxyvalerate) (PHBV) stands out for its
biodegradability and biocompatibility, but its inherent brittle and has few or no properties conducive to application
to wider engineering fields. Additionally. The natural variability of fibres can lead to inconsistent mechanical
performance, yet only a few studies have examined this variability from a statistical perspective. In this study, the
influence of adding pineapple leaf fibres (PALF) at different loading (10-40 wt.%) was investigated on the
mechanical behaviour of PHBV. The tensile strength was analysed using a linearized two-parameter Weibull method
to determine the scale (1) and shape (B) parameters, providing insight into both the typical strength and the variability
of the composite’s performance. The results show that tensile strength increases with fibre loading, with highest of
46.54 MPa (+4.12) at 30 wt.% PALF, corresponding to a 73% rise in scale parameter compare to other loadings. A
strong correlation was established between the experimental data and the Weibull model, with (R?> 0.9) and
the differences are below 1 % and 7 % for neat PHBV and PALF/PHBYV respectively. Scanning electron microscopy
(SEM) analysis revealed signs of fibre rupture and fibre extraction, indicating that the composite’s failure was
a result of poor interfacial bonding between the matrix and fibre. The Weibull analysis able to provide more
comprehensive evaluation of the composite mechanical reliability as it taken account the statistical distribution of all
measured data rather than just the means value. The two-parameter Weibull model demonstrated that the composite
containing 30 wt.% PALF attained the maximum tensile strength with satisfactory reliability. This finding signifies an
ideal equilibrium between performance and variability, essential for the dependable design of sustainable PHBV-based
composites.
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1. Introduction use more sustainable and environmentally friendly
source. Materials such as natural fibre reinforced

Growing concerns on the impact of the consumer composites and degradable polymer offer potential
products on the environment are shifting interest to solution because of their ability to decompose
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and their mechanical properties ALF, an
agricultural by product presents significant
potential as a degradable reinforcement
characterized by outstanding mechanical
properties and renewability. [1]. This is
attributed to its high cellulose content and low-
density attribute. When PALF used in degradable
polymer matrix system, such as polylactic acid
(PLA), poly(3-hydroxybutyrate-co-3-
hydroxyvalerate)  (PHBV), poly (butylene
succinate) (PBS), it is capable to enhance the
mechanical performance of the resulting composite
as along with retaining the degradability properties
[2]. Hazwani et al. [3] indicated that
incorporating PALF into the epoxy resin matrix
significantly enhances the tensile properties of
the composite. The performance of composites
based on PALF can be further improved when
combined with synthetic fibres like Kevlar [1]
suggesting that PALF is excellent reinforcement
option when both mechanical strength and
suitability are essential.

PHBYV is a thermoplastic polymer synthesized
by microorganisms. It demonstrates superior
biodegradability, but possesses only moderate
mechanical strength. PHBV is widely used in
packaging, agricultural and biomedical applications
because of its renewable origin and environmental
compatibility. However, one of the shortcomings of
the PHBYV is its inherent brittleness [4]. Therefore,
in order to enhance its mechanical performance,
PHBV can be bounded with more ductile polymers
or combined with a natural fibre such as PALF, bast,
kenaf, diss and other natural fibres exhibit a
significant  enhancement in  mechanical
properties [5-8]. Although there maybe challenges
in combining a hydrophilic fibre with the PHBV
polymer matrix, the overall improvement in
mechanical performance of the resulting composite
would depend on variables such as fibre contents,
dispersion and interfacial bonding [9]. Poor
interfacial bonding between natural fibre and PHBV
polymer is due to their polarity mismatch. Natural
fibre such as PALF are hydrophilic in nature, while
PHBYV is a more hydrophobic material. Therefore, it
prevents good compatibility during fabrication,
resulting in poor bonding at the matrix and fibre
interface and may weaken the resulting composite
produced [10]. At the same, PHBYV is quite sensitive
to thermal degradation provided only a small
processing window and prevent thorough blending
or melt mixing during fabrication. This will reduce
the efficiency of the fibre-matrix interaction and
consequently the mechanical performance [11].
Thus, usage of proper surface treatment is crucial in
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order to ensure better compatibility and stronger
bonding between matrix and fibre [10]. To enhance
material polarity and eliminate surface impurities,
this study used an alkaline surface treatment. All
PALF was treated with a 5 wt.% sodium hydroxide
(NaOH) aqueous solution, specifically Prior to
composite fabrication.

Composites materials made from natural fibre,
such as PALF which have higher variability in their
properties compare to synthetic materials due to
their inherent characteristics. As a result, itis critical
for the researchers and designer to properly
understand and quantify this variability in order to
ensure their reliability in practical applications.
Statistical method, such as Weibull analysis, are
commonly used in reliability engineering to
analysis the failure probability and variability
material properties. The two-parameter Weibull
distribution can provide valuable information into
the statistical distribution of material properties
[12]. Therefore, this enables researchers to estimate
the failure probability and consistency of the
materials performance under varying conditions or
stress loads [13-14]. Djeghader et al. [15] utilized
the Weibull analysis to evaluate the reliability of
jute/polyester composites. On the other hand, Aziz
et al. [16] applied the same approach to evaluate the
performance of UHMWPE composite laminates.
However, the application of Weibull reliability
analysis to PALF- based composite systems
remains limited. Most of the studies highlighted the
surface treatment effect, fibre loadings, or
processing conditions on average mechanical
properties with few addressing the statistical
reliability and variability under loading utilizing
probabilistic models like the Weibull distribution.

Thus, the objective of the present work is to
evaluate the mechanical performance of the PALF/
PHBV composite by varying its fibre loading from
10 to 40 wt.% and to predict the influence of fibre
loading on the Weibull distribution. The
experimental tensile strength data were analysed
using a two-parameter Weibull distribution to
assess the reliability and predict the composite
mechanical performance. The theoretical values
were calculated by linear curve fitting of the
Weibull model and the correlation between the
estimated and experimental results was examined.
The outcome of this study is expected to provide
insight into the contribution of natural fibres in bio
composite in general, aiding in the prediction of
their variability and providing a better reliability
model for their properties to facilitate the
development of high performance and eco-friendly
materials for engineering applications.
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2. Materials and Methods

The matrix used in this study is a thermoplastic
PHBV (Enmat Y100P), purchased from TianAn
Biopolymer (China). It contains 3% molar content of
3-hydroxyvalerate (HV), a density of 1.25 g/cm?, a
melt flow index of 5.2 g/10 min and a melt flow
window of 170-180 °C. Pineapple leaf fibre (PALF)
(Serat Alfibre, West Java, Indonesia), with a density
of 1.52 g/cm3was used as a reinforcement. Sodium
hydroxide and chloroform, each with a purity of
99.99% (laboratory grade), were purchased from
Merck and Co. and used as solvents.

2.1 Composite production

The PALF was alkaline-treated with a 5% NaOH
aqueous solution (w/v) before fabrication. After
treatment, the fibres were cut into 6 mm using a
precision paper cutter. To ensure consistency,
random samples of the cut fibres were observed
under an optical microscope The length variation
was about £0.5 mm. The PALF fibres were made
into a thin film using a paper-making method and

stored in a drying cabinet until needed

The PHBV pellets were dried in an oven at 60 °C
to eliminate a moisture. A 5 wt.% PHBYV solution
(w/v) was prepared via dissolving them in
chloroform. PALF films were dipped into the
PHBV solution for coating and then dried in a
vacuum oven at 60°C overnight to ensure the
solvent was completely removed. The pre-pregs
PALF and plain PHBV films were stacked and
compression moulded at 175°C, as shown in Figure
1. The composites were made with different PALF
contents, namely 10,20,30, and 40 wt.%. Using pre-
impregnated PALF film helped to ensure proper
fibre alignment and consistent infiltration within the
composite.

Because of the narrow processing temperature
range, high-temperature and high-shear methods,
such as extrusion or injection moulding, can lead to
thermal degradation. To avoid this, low temperature
solution casting and hot-pressing method have been
used in this study, to preserve the integrity of PHBV
and improve fibre wetting. Details about the
alkaline treatment, pre-pregging parameters, and
fabrication process can be found in previous
publications [5].
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Fig. 1. Preparation and fabrication processes of PALF/PHBYV composites

2.2 Tensile tests

The tensile properties of PALF/PHBV
composites were measured using a 20 kN Universal
Testing Machine (AGS-X Shimadzu, Japan)
following the ASTM D3039 standard. The tests
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were conducted at a crosshead speed of 2 mm/min
on samples with 20 + 0.1 mm x 3 + 0.1 mm
dimensions with a gauge length of 80 mm. The
samples were manually secured using serrated
mechanical grips without using the end tabs. The
applied force (N) and elongation (mm) were
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recorded. Five samples were tested for each fibre
loading condition, and the reported average value.
All samples were conditioned under controlled
conditions of 23 + 3°C and 50 +10% RH.

2.3 Weibull distribution

In this study, a two-parameter Weibull statistical
analysis was applied to evaluate the variability in
tensile strength of PALF/PHBV composites at
different fibre loadings. The cumulative distribution
function of the two-parameter Weibull distribution
is expressed by Equation 1 [5, 14,16].

le—e(—%)ﬂ ()

Where F is the cumulative density probability
function (failure probability) at a tensile stress, o,
while 1 is the scale parameter (Weibull strength);
and B is the shape parameter (Weibull modulus),
which can be written in the form of a linearized
equation (Equation 2) [5,14,16].

Ln [In—=| = § In(e) — B In(n) Q)

The Weibull parameters specifically (shape, B,
and scale, n) were determined using the linearized
probability plotting method which applies least-
squares regression of the transformed Weibull
equation. Parameters’ shape and scale were derived
from the slope and intercept of the linear regression.
The accuracy of fit was evaluated through the
coefficient of determination (R?). The cumulative
probability density is expressed in terms of the
median rank formula [5,14,16] as given by Equation
3:

i-0.3
n+04

. 3)

Here, € and n denote the current test number and
the total number of tests in each set, respectively.

3. Result and Discussion
3.1 Tensile properties of the composites

The neat PHBYV and PALF/PHBV composites
with different fibre loadings were tensile tested
until fracture (Figure 2). All the samples fractured
within the gauge length. The tensile property
values are shown in Figure 3. The addition of
PALF loadings from 10 to 40 wt.% improves the
tensile performance of the PALF/PHBV
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composites. Statistical analysis conducted using a
one-way ANOVA indicated that the incorporation
of PALF into the PHBV matrix significantly
(p<0.05) enhanced the tensile properties of the bio
composite. The maximum tensile strength and
modulus of elasticity were achieved with the
addition of 30 wt.% PALF, yielding 46.54 (+ 4.12)
MPa and 10.36 (+ 0.81) GPa, respectively.

The improvement in the tensile strength and
modulus is due to effective stress transfer between
the PALF and PHBV matrix [2, 9, 17].
Observation of the fractured surface of 30 wt.%
PALF/PHBY composite (Figure 4) shows fibre
fracture extending across the surface of cracks,
commonly referred to a fibre bridging. This shows
the composite can withstand stress prior to failure,
improving its tensile strength and underscoring the
effective role of the reinforcement in transferring
load. These findings are consistent with earlier
reports that highlight the mechanical benefits of
PALF reinforcement due to its high cellulose
content and effective stress transfer within the
matrix [18].
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Fig. 2.  Fractured specimens of PALF/PHBV
composites with different fibre loadings (a) unfilled,
(b) 10 wt.%, (c) 20 wt.%, (d) 30 wt.% and (e) 40 wt.%.
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Fig. 3. Influence of fibre loadings on tensile properties
of PALF/PHBYV composites
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Fig. 4. Tensile fracture morphology of the
PALF/PHBV composite containing 30 wt.% fibre
loading

3.1 Weibull distribution

In this study, a two-parameter Weibull
distribution was used to analyse the effect of the
fibre loading on the PHBV and PALF/PHBV
composite performance. The scale () and shape
parameter () for the PHBV and its composite were
determined using Equation 2, in addition to the
corresponding strength values through a linear
curve fitting. The Weibull plot parameters for the
PALF/PHBYV composite in terms of tensile strength
with varying fibre loadings are shown in Figure 5.
For each fibre loading, a total of 5 samples were
subjected to testing. The correlation coefficient (R?)
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values were calculated for each of the fibre
loadings, all of which exceeded 90%. These high
correlation values indicate a strong agreement
between the experimental data and the fitted curve,
as the previous study presented similar findings
[16]. Table 1 shows the range of the Weibull
modulus values for all fibre loadings.

The Weibull modulus () or shape parameter is
indication of the degree of data variability. A higher
value of shape parameter means the results are more
uniform, while lower value indicates a wider
variation in strength [5,14]. In this study, neat
PHBV showed a relatively high modulus (B =
29.28), which point out to more consistent
mechanical behaviour. On the other hand, the
PALF/PHBV composites recorded lower  values,
with the 40 wt.% PALF/PHBYV sample produced the
lowest (B = 6.14). This wider scatter probably due
weak fibre- matrix bonding and uneven stress
transfer within the composite [19, 20]. As fibre
loading increased, the PALF layers become thicker,
and this may hinder proper wettability during
fabrication. The PHBV matrix might then fail to
penetrate fully between the fibres, leaving voids or
weak regions that reduce stress transfer efficiency.
From the SEM images (Figure 6), fibre pull-out and
debonding can be clearly seen, with little matrix
residue on the fibre surface, which support this
observation. Some of the variation could also be
related to the inherent variability of the PALF itself.

A trade-off seems to be between improving
tensile strength and maintaining reliability in the
composites. The 30 wt.% PALF sample has showed
the highest tensile strength, likely due to the
effective transferring between fibre and the matrix.
On the other hand, its lower Weibull modulus ()
indicates that the failure was less consistent
variability might arise from uneven wetting or local
stress concentrations when fibre loading becomes
excessive. Although data on B values for PHBV
based composite is quite limited, studies on other
natural fibre systems have supported this finding.
For example, Wand and Shao [21] reported B value
ranging from 2 and 6 for bamboo fibre composites.
As a result, this considerable variability has often
been seen in natural fibre-based materials. Having
compared the 30 wt.% PALF/PHBYV samples, this
study showed a B value exceeding 10 indicated
much higher reliability. This is likely to reflect the
positively effect of fibre treatment and fabrication
method approach in improving both consistency
and overall mechanical performance

In general, nature fibres have higher variability
in mechanical properties comparing with synthetic
fibres, due to inherent flaws and irregularities. Due
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to inherent flaws and irregularities of the high
variability of nature fibres. The composite
performance can be strongly impacted, reducing
reliability and making failure behaviour are more
difficult to predict. Adding more fibre can raise the
risk of uneven distribution and inconsistent matrix—
fibre bonding This variability is responsible for the
wider scatter in tensile strength observed in the
PALF/PHBYV composites.

In this study, the observed variation in tensile
strength is determined as a result of the natural
differences in PALF fibres, such as their diameter
and overall structure. Given that the PALF film
were produced using a paper making technique. The
fibre may not be effectively distributed, which can
introduce potential weak points. Consequently,
Careful control over fibres processing and uniform
dispersion is necessary to produce stronger and
more consistent composites.

Table 1 shows that the theoretical mean tensile
strength values agree closely with experimental
measurements. For the neat PHBV, the difference
between theoretical and experimental values was

Table 1,

less than 1%, while the PALF/PHBV composites
was about 7%.

* neat PHVB

® 10 wt% PALF
4 20 Wt.% PALF
= 30 wt.% PALF
* 40 wt.% PALF
0.5

4.2

In (In(1/1-P))
‘ o

-25 Ln (Tensile stress)

Fig. 5. The Weibull lines for PALF/PHBYV composites
at different fibres loadings

The Weibull parameters of the PALF/PHBV composites at different fibre loadings.

PALF loading  Weibull Strength, ~ Weibull Experimental Strength, Percentage of error
(wt.%) 1 (MPa) Modulus, o (MPa) (£ S.D) (%)
p
Neat PHBV 27.22 29.28 27.30 (+0.58) 0.31
10 29.74 15.66 28.29 (+2.20) 2.85
20 29.86 21.06 29.82 (+0.75) 0.11
30 48.57 10.43 46.54 (+4.12) 4.18
40 47.11 6.14 43.89 (+ 6.41) 6.83

s
5.0kV 6.3mm x300

Fig. 6. Tensile fracture of the 40 wt.% PALF/PHBV
composite

4 Conclusions

This study highlights the clear impact of adding
PALF to the PHBV matrix on the composites’
tensile strength and modulus. As the fibre content
increased, both properties improved, peaking at 30
wt.% PALF with tensile strength and modulus
reaching 46.54 MPa and 10.36 GPa, respectively.
Interestingly, the Weibull analysis showed that
these gains came with greater variability. In general,
the PALF/PHBV composites had lower Weibull
moduli, with the 40 wt.% PALF sample showing the
lowest at B = 6.14. This increased variation is likely
linked to weaker fibre/matrix bonding and the
inherent irregularity of the PALF. At the same time,
the scale parameter increased by 73% for the 30
wt.% composite compared with other loadings.
SEM examination supports these observations,
revealing both fibre pull-out ad breakage which
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suggest that the matrix/fibre interface was not fully
bonded. In summary, while adding PALF may
enhance tensile performance, achieving more
uniform bonding and consistent reliability remains
a key challenge for this system.

Therefore, upcoming studies could focus on
enhancing the PALF/PHBV composite through
exploring strategies, such as fibre surface
modification, usage of compatibilizer or coupling
agents and better control of processing conditions.
These approaches should also help minimize
variability and improve the reliability of the
PALF/PHBYV composites for engineering purposes.

Acknowledgements

The authors acknowledge the Universiti
Teknikal Malaysia Melaka for funding under the
PJP/2023/TD/FKP/S01975 Research grant.

References

[1]S. N. M. Bakhori et al., “Mechanical Properties
of  PALF/Kevlar-Reinforced  Unsaturated
Polyester Hybrid Composite Laminates,”
Polymers 2022, vol. 14, no. 12, pp. 2468, Jun.
2022, doi: 10.3390/POLYM14122468.

[2] M. Sethupathi, M. V. Khumalo, S. J. Skosana,
and S. Muniyasamy, “Recent Developments of
Pineapple Leaf Fiber (PALF) Utilization in the
Polymer Composites—A Review,” Separations,
vol. 11, no. 8, pp. 245, Aug. 2024, doi:
10.3390/separations11080245.

[3] M. Hazwani, M. S. Abdul Majid, M. D. Azaman,
M. J. M. Ridzuan, and E. Cheng, “Tensile
Properties of Hybridised Fire Retardants in
Pineapple Leaf Fibre (PALF) Reinforced
Polymer Composites,” J Phys Conf Ser, vol.
2051, no. 1, pp. 012008, Oct. 2021, doi:
10.1088/1742-6596/2051/1/012008.

[4]R. Ghosh, X. Zhao, and Y. Vodovotz,
“Rheological Behavior and Mechanical
Performance of Poly(3-hydroxybutyrate-co-3-
hydroxyvalerate)/Natural ~ Rubber  Blends
Modified with Coffee Oil Epoxide for
Sustainable Packaging Applications,” Polymers
(Basel), vol. 17, no. 10, pp. 1324, May 2025, doi:
10.3390/POLYM17101324/S1.

[5]Z. Mustafa et al., “Pineapple Leaf Fibre/Poly (3-
hydroxybutyrate-co-3-hydroxyvalerate)
Degradable Composite: Morphology and Failure
Prediction of Mechanical Strength Using

142

Weibull Analysis”, Accessed: Jul. 21, 2025.
[Online]. Available:
https://malaysianjournalofmicroscopy.org/ojs/in
dex.php/mjm/article/view/935/503

[6]R.D. Bairwan et al., “Enhanced biopolymer
composites through micro-integrated lignin and
anhydride modified nonwoven bast fiber,” Ind.
Crops and Prod., vol 222, p. 119900, 2024, doi:
10.1016/j.indcrop.2024.119900.

[71M. Avella et al., “Poly (3-hydroxybutyrate-co-3-
hydroxyvalerate) -based biocomposites
reinforced with kenaf fibers,” J. Appl. Polym.
Sci.,, vol. 104, no 5, pp.3192-3200,207,
doi:10.1002/app.25840.

[8] B. Remila et al., “Investigations on structure and
properties of poly (3-hydroxybutyrate-co-3-
hydroxyvalerate) (PHBV) reinforced by diss
fibers: Effect of various surface treatments,” Ind.
Crops Prod., vol. 221, p. 119302, doi:
10.1016/j.indcrop.2024.119302.

[9]S. Huang, Q. Fu, L. Yan, and B. Kasal,
“Characterization of interfacial properties
between fibre and polymer matrix in composite
materials — A critical review,” Journal of
Materials Research and Technology, vol. 13, pp.
1441-1484, Jul. 2021, doi:
10.1016/j.jmrt.2021.05.076.

[10] O. Téraube et al., “Optimization of interfacial
adhesion and mechanical performance of flax
fiber-based eco-composites through fiber
fluorination treatment,” Compos B Eng, vol.
296, pp. 112228, May 2025, doi:
10.1016/J.COMPOSITESB.2025.112228.

[11] K. Samaniego-Aguilar et al., “Valorization of
Agricultural Waste Lignocellulosic Fibers for
Poly(3-Hydroxybutyrate-Co-Valerate)-Based
Composites in Short Shelf-Life Applications,”
Polymers (Basel), vol. 15, no. 23, Dec. 2023,
doi: 10.3390/POLYM15234507.

[12] Y. M. Gbmez, D. I. Gallardo, C. Marchant, L.
Sanchez, and M. Bourguignon, “An In-Depth
Review of the Weibull Model with a Focus on
Various Parameterizations,” Mathematics, vol.
12, no. 1, p. 56, Dec. 2023, doi:
10.3390/math12010056.

[13] A. S. Nayal, A. Tyagi, S. Rathi, and B. Singh,
“Inferences on stress-strength reliability R= P
[Y < X < Z] for progressively type-11 censored
Weibull half  logistic distribution,”
OPSEARCH, vol. 62, no. 2, pp. 797-832, Jun.
2025, doi: 10.1007/s12597-024-00810-z.

[14] K. Naresh, K. Shankar, and R. Velmurugan,
“Reliability analysis of tensile strengths using
Weibull distribution in glass/epoxy and
carbon/epoxy composites,” Compos B Eng,



https://malaysianjournalofmicroscopy.org/ojs/index.php/mjm/article/view/935/503
https://malaysianjournalofmicroscopy.org/ojs/index.php/mjm/article/view/935/503

Zaleha Mustafa Al-Khwarizmi Engineering Journal, Vol. 21, No.4, pp. 136- 144 (2025)

vol. 133, pp. 129-144, Jan. 2018, doi:
10.1016/J.COMPOSITESB.2017.09.002.

[15] D. Djeghader and B. Redjel, “Weibull analysis
of fatigue test in jute reinforced polyester
composite material, “Compos.
Commun., vol.17, pp.123-128, 2020, doi:
10.1016/j.coc0.2020.123.

[16] A.R. Aziz et.al., “The effects of high strain-rate
and temperature on tensile properties of
UHMWPE composite laminates,” Compos.
Part C: Open Access, vol. 16, p.1-14, 2025,
https://doi.org/10.1016/j.jcomc.2024.100549.

[17]1 A. Todoroki et al, “Tensile property
evaluations of 3D printed continuous carbon
fiber reinforced thermoplastic composites,”
Advanced Composite Materials, vol. 29, no. 2,
pp. 147-162, Mar. 2020, doi:
10.1080/09243046.2019.1650323.

[18] A. Schmidt, B. Bittmann-Hennes, D. Moncada,
and B. Montero, “Self-Reinforced
Biocomposites Made from Poly (3-
hydroxybutyrate- co  -3-hydroxyvalerate)
(PHBV): An Innovative Approach to
Sustainable Packaging Production through
Melt Processing,” ACS Omega, vol. 9, no. 52,
pp. 51073-51088, Dec. 2024, doi:
10.1021/acsomega.4c05957.

[19] Z. Mustafa, T. M. I. Nawi, S. H. S. M.
Fadzullah, Z. Shamsudin, S. D. Malingam, and
T. Ratanawilai, “Fatigue Characteristic and
Weibull Analysis of Sustainable Rubberwood
Flour/Recycled Polypropylene Composites,”
International Journal of Automotive and
Mechanical Engineering, vol. 18, no. 4, pp.
9179-9187, Dec. 2021, doi:
10.15282/1JAME.18.4.2021.03.0706.

[20l HM. Kamal, M.J. Kadhim and R.K.
Mohammed, “The Influence of Alkaline
Treatment of Recycled Natural Materials on
the Properties of Epoxy Resin Composite,” Al-
Khwarizmi Engineering Journal, vol. 14, no. 4,
pp. 45-53, Dec. 2018, doi:
10.22153/kej.2018.05.003.

[21] F. Wang and J. Shao, “Modified Weibull
distribution for analyzing the tensile strength of
bamboo fibers,” Polymers, vol. 6, no. 12, pp.
3005-3018, Dec 2014,
d0i:10.3390/polym6123005.

143


https://doi.org/10.1016/j.jcomc.2024.100549

(2025) 144-136 dada 4 el Q1 taal) Luutipl a5 LU Zaleha Mustafa

Sl :PALF/PHBY ikl 31 s8all 48 pall 3f gall 2&l) da glia Ao GV Jlaal il
&) _pardial \L”,.\L\S Juig

Zaleha Mustafa'™ Ain Sappa Amirah?, Siti Hajar Sheikh Md Fadzullah?, Yan

Yan Farm*, Thanate Ratanawilai®
L ialle elS3Le e Jliigi s g g0 VTV o v el of 5 il elSLo 4y jallall Zuiiill dralad) epsialll Lin ol 5i5 5 doe Livaal] dstig ) LS
L jalle elSLo e flii 5 oy y 30 VTV oo el of 53 il ¢ (S50o 4y jullal) il dmalall eduntighly SLilSuall Lin o] iS5 IS T
L jalle (lum ¢ SILLS 1555 B8400 UMS gL ¢ lum Lo jullal] Znalalf el ZS ¢
AL A TV ) e ‘(_;L: Sily OASw g ‘)4.4/‘4“.1_4[; edwigl/ QK(LLU..AJJ/J Leliall M.Ll@_”fmudv
zaleha@utem.edu.my :ss A1 & juli*

waldliull

238 (e Agmalall CILIVL 51 giall 2 sl il el sall 8 sl ) o Las 63 ylae S8 Aahaiasall 5 (5 ol Jlaill AL o) sally alaia¥) ol 33
Lalaell a4l V) cgpuall 4855 (g gl Jlaill AillE (PHBV) s S 550 ¥o sl piisn (S 5508-F) (o a2l il sl
D Sl ool ) G aall ) (a5 o oSy @y ) BBV s sl At VLae B 4Gl (e (RS R sdna 5l 83 s0m0 pailiad
(PALF) (Y Gl ) ol ddla) 58 8 il o sl ) o3 3 Sleas) ) glate (e il 13 Lo AL8 <Ll o il 55 388 eelld pa g ¢ Gasia
apaatl Adadl) el yiall 005 Weibull 46 sk alasiuly adll deglia Jilad 5 PHBV 3 (SalSeall @bl e (w7 €42 +) dilise Jleaal xie
ola 3 2l Ae lie o i) jelad A el Balall elaf (b s A sail) Al Fa slia (ge JS e 3855 510 58 g Las ¢ (B)AS 5 (1) oobial) Dl i
e (3 VY Ay o165 aa 38150 Le s g ¢ PALFCL (e Wi 7Y+ 2ie (£, Ya) JSuly Lo £7,08 dad e cialy G o LIY) Jaas as
LY Y 57 e S8 RN (R2> 0.9) ae « Weibullz s sais dalesd) Uil oy 568 Bl ) Ll 35 A Jaal A5 jlie (17) ebiial)
Oe LY 7 535 GLIY) 3 cladle e (SEM) aslall 5 58I gl Jilad ai€ DV gill e PALF / PHBV <l s 4aPHBY
JSI i 5855 e Weibull dilad 0808 Y15 48 steadl o oadad) o) 1) Conial A IS A8l 3all B o ) s Lae 8 siadl)
zsai gl Jaw giall Aaf 3 yae (e Yo Auiall il apead Slaa) oy sill Hlie W) 8 3aT 45 A8l salall SalSaal) @l sld) A i gal Y gads
Al 038 5l g ye A 55 g e 25 Aa slie aadl (3 8 PALF Gl e Wt 7Y+ e s sind 30 Al 5alall of < sl SlEWeibull
PHBYV il 31 siall dalxivaall 48 yall o) sall 4 (3 55 sall ppancaill (5 55 3o sl 58 5 ¢l 5 6 10Y) G0 (M )30 55



mailto:zaleha@utem.edu.my

