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Abstract: This study investigates the effect of slight surface treatment of Kenaf (KBF), Bagasse, and Hemp fibers
on the mechanical, morphological, physical, and thermal properties of biodegradable composites. The
composites were prepared by extrusion using 25 wt% fibers to reinforce 75 wt% polypropylene (PP) and
plasticized poly(lactic acid) (PLA), with softwood fibers as a control. Fibers were treated with 5% sodium
hydroxide (NaOH) for one hour. Mechanical properties (tensile, young’'s modulus, and impact), physical
properties (fiber mapping, density, brightness), and thermal properties (heat deflection temperature (HDT),
melting temperature, melt flow ratio (MFR), and melt flow index (MFI)) were evaluated using standard
procedures. The biocomposites morphology was studied by scanning electronic microscopy (SEM). Results
showed improved tensile and impact strength for PP composites with treated Bagasse (6.6% and 22%) and Hemp
(7% and 44.7%), while Kenaf showed minimal change, indicating its high intrinsic strength. Fiber addition
increased the HDT of PP from 55°C to 119°C for untreated KBF, 100°C for softwood, 86°C for Bagasse, and 79°C
for Hemp. Treated fibers reinforced PP composites achieved higher HDT, with Kenaf (124°C) performing best,
followed by Bagasse (93°C). PLA composites showed slight increases in HDT with fiber reinforcement.
Differential Scanning Calorimetry (DSC) revealed a slight melting temperature decrease for PP and a slight
increase for PLA. Overall, Kenaf and Bagasse yielded superior mechanical and thermal performance,
comparable to softwood, while Hemp demonstrated moderate results. The differences among the fiber’s
performance were attributed to variations in fiber mapping and the intrinsic properties of the polymer matrices.

Keywords: Kenaf; Bagasse; Hemp; PP and PLA; softwood; Natural fibers alkaline treatment, thermoplastics
biocomposites

1. Introduction

Natural fiber reinforced polymer composites (NFRPC) have raised great interests among
researchers in recent years due to the need for developing an environmentally friendly material, and
partly replacing currently used glass for composite reinforcement [1]. Natural fibers have advantages
over synthetic or manmade fibers such as glass and carbon due to their low cost, low density,
acceptable specific strength properties, ease of separation, carbon dioxide sequestration and
biodegradability [2]. Significant research efforts have been made and currently being spent in
developing natural fiber reinforced composites, which also described as bio-composites in which
either of the constituents should be derived from renewable resources [3]. These composites have
better mechanical properties like better strength to weight ratio, high modulus, high specific strength,
partial biodegradability characteristics, better chemical resistance property, better insulation
performance and low cost [4,5]. Due to this extraordinary set of properties, NFRPC have wide
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engineering and emerging applications [6,7], and therefore they became a research field continuously
developing. However, researchers are facing some challenges such as the poor mechanical properties
of the NFRPC associated with s known hydrophilic nature of the natural fibers Furthermore, the
heterogeneous characteristics of natural fiber leading to a wide variation of fiber quality, relatively
lower mechanical properties, leading to incompatibility and aggregation tendency in hydrophobic
polymer matrix and low thermal stability. Thus, selection of the suitable natural fiber is the one of
the most important factors that influence the performance of the NFRPC. [8]. Currently, Kenaf and
Hemp have been widely used in producing NFRPC. Both fibers are annual plants and have long bast
fibers represent 40% and 70% of their stem's weight respectively [9,10]. On the other hand, softwood
is typically preferred for thermoplastic composites due to its larger aspect ratio [11]. Sugarcane is
grown worldwide as an agricultural crop, whose residue after extracting juice is regarded as bagasse.
It is available in plenty as an agro-residue and bio composites derived from such renewable resources
offer potential for scale-up and value addition [12]. Among various thermoplastic polymers,
Polypropylene (PP) and polylactic acid (PLA) have emerged as an interesting matrix with moderate
physical and mechanical properties. PP is widely used because of its transparency, affordability,
moderate to good mechanical properties, moderate dimensional stability, low heat distortion
temperature Hence, it is an obvious choice as the matrix material in the preparation of natural fiber
reinforced composites [13,14]. Among bio-based polymers, PLA has demonstrated significant
potential and commercial value across various industries. It is a compostable, transparent synthetic
polymer derived from renewable resources like rice, corn starch, potatoes, sugar beets, or sugarcane.
PLA is produced either through ring-opening polymerization of lactide or condensation
polymerization of lactic acid [15,16]. PLA has attractive properties such as biodegradability,
biocompatibility, mechanical strength, and its recyclability is an advantage which would reduce
disposable waste and therefore economical [17].

Much work has been done on virgin thermoplastic and natural fiber composites, with successful
supporting their potential across a wide range of applications in several industrial sectors [18].
Although these four types of natural fibers have the edge in composite manufacturing due to their
robustness, however, many factors can prevent them from displaying their full potential due to resin-
reinforcement incompatibility and the presence of surface impurities. Chemical treatment has been a
well-known method employed to clean the surfaces of fibers and remove unwanted components,
such as waxes, pectin, hemicellulose, and lignin which found to help with improving interfacial
bonding with the commonly used industrial resins [19]. A lot of work has been done by many
researchers on fiber chemical treatment such as alkali, silane, acetylation, alkaline hydrogen peroxide,
benzoylation, acrylation and acrylonitrile graftin and isocyanate to improve the mechanical
properties of NFRPC [20]. Out of these methods, it has been observed that one of the simplest, most
economical and effective forms of treatments with least environmental impact, is alkali treatment
particularly mercerization using NaOH. Much work has been done with alkali treating Kenaf with
6% of NaOH solution for 24 h. [21] and hemp [22] for 48 h at 20°C using different percentages for use
in composites. The authors observed better fiber-matrix adhesion led to an increase in interfacial
energy and thus enhancing the thermal and mechanical properties of the composites. High NaOH
concentration reported to have excess delignification of fibers resulting in the weakening of the fiber,
reduce the degree of polymerization, minimize lignin content and hemicellulose from the fiber. [23].
For example, 1% of NaOH-treated bagasse fiber reinforced composites showed significant
improvement in flexural, tensile, and impact strengths compared to 3 and 5% NaOH-treated fibers
[24].

Thus, it can be concluded that to improve the mechanical properties of fiber reinforced
thermoplastic composites, proper fiber treatment is an effective way. However, chemical treatments
can be advantageous when easily and cost-effective reagents were used without sever environmental
impact and with good processability that could easily be scaled up and commercially viable such as
Sodium hydroxide [25].

In this paper, the aim was to study the effect of fibers size and alkali treatment using NaOH on
the mechanical, physical and thermal properties of the injection molded PP and PLA composites
reinforced with Kenaf bast fibers, Bagasse and Hemp. Their properties were compared to the
softwood. A comparison was also made between the intrinsic properties of the PP, PLA and the fibers
used. The major goal is therefore focused on development of sustainable and partially/completely
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eco-friendly thermoplastic materials based on these fibers, PP and PLA in order to obtain desired
mechanical and thermal properties. The end-product made of this composite’s material may undergo
both energetic and material recycling and has lower carbon footprint.

2. Materials and Methods
2.1. Materials
2.1.1. Lignocellulosic materials

The Kenaf was planted at the demonstration farm of Khartoum University, Sudan. Kenaf bast
fibers (KBF) were water retted for 10 days in open tanks and then dried at room temperature
according to a method reported by Bledzki, A. et al, 2015[17]. Bagasse was collected from White Nile
Sugar Factory at Algenaid in the White Nile State, Sudan. The bagasse fibers were air dried at room
temperature. Hemp fibers used in this study was of Etype SKF2, Superkurzfaser and it was purchased
from Bafa neu GmbH, Germany. The softwood was supplied by Rettenmaier & Séhne GmbH + CO
KG, their color was yellow and the particle size was ranging from 300 um - 500 pm.

2.1.2. Polymer matrices

Polypropylene (PP) from Borealis type BH345MO (injection moulding grade copolymer) was
used as a matrix. This copolymer exhibits good stiffness and high fluidity of MFR= 45 g/10 min
(230°C/2.16Kg). Maleic acid anhydride grafted PP wax (MAH-g-PP) from Merck of 3wt% respectively
to matrix was applied as a compatibilizer between non-polar matrix and polar ligno-cellulosic fibres.
Polylactic acid (PLA) of grade 3251D from Natureworks LLC was used in this study. It has tensile
strength of 48.0 MPa, Flexural strength 83.0 MPa and MRF 35g/min. Impact strength 16 (J/m

2.2. Methods
2.2.1. Fibers preparation
Kenaf, bagasse and hemp fibers were further grinding using cutting Mill SM 300.

2.2.2. Fibers treatment

All fibers were soaked in sodium hydroxide solution with 5% concentration for 1 hour. They
were then thoroughly washed with tape water in order to remove any Sodium hydroxide that it might
have been sticked onto their surfaces (the pH of the last wash was 7), thereafter, they were dried at
100°C for overnight prior to their blending with the matrices.

2.2.3. Fiber shaping

The samples were tested using a flatbed scanner (Epson Perfection 4990 Photo). Each fiber
sample was transferred using a wooden spatula. To prevent agglomeration, the fibers were dispersed
by blowing them with a pipette. A film holder divided the scanning area into two separate sections.
For image analysis, the Fibreshape software (IST AG, St. Gallen, Switzerland) was employed. The
images were uploaded into the software and analyzed using a suitable measurement mask (in this
case: "Example Wood Shred 1200 dpi"). The software identified and processed all fibers according to
the defined algorithms. In this analysis, the minimum fiber thickness was set to 40 pm.

The fundamental measurement algorithm characterizes an (ideal) fiber as a rectangle. The
chosen resolution of 1200 dpi corresponds to a resolution limit of approximately 40 pum.

2.2.4. Compounding of PP and PLA

Fibres were used with their initial moisture content (Kenaf 6.9, Bagasse 3.50, BK4090 9.46 and
hemp 12.1 %). PP was processed without drying. The microfibers were mixed with PP and MAH-g-
PP granulate in the hopper feeder and were conveyed to extruder's feed section (counter-rotating
tight intermeshing twin-screw extruder from Krauss Maffei Berstorff ZE34 basic L/D =46 D = 34mm).
Extruded strands were cooled in water bath and palletized. Materials were compounded at
temperatures ranging 190-220°C RPM.

PLA was compounding with the same fibers at same moisture content at temperature range
between 165-180°C.
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Process ensured good fibre distribution and even fibre/matrix ratio in order to have a
homogenous density and small deviation of mechanical properties for each manufactured type of
composite material. All the samples were conditioned at 23°C and 50% relative humidity for 16hrs
prior performing testing.

2.2.5. Injection moulding

Granules were injection moulded using machine model KM50-180AX (clamping force 485 kIN)
and moulds accordant to EN ISO 294-1[25]. The barrel temperatures were 150-200°C from feed zone
to nozzle. Injection pressure was 550and 1200 bar at injection speed of 35 and 40mm/s for injections
with PP and PLA respectively.

2.2.6. Characterisation of composites
2.2.6.1. Density measurement

Density of manufactured composites was measured in room temperature according to EN ISO
1183-1[26] on high accuracy balance, Mettler Toledo EL204IC. Samples were immersed in ethanol of
density determined before each series of measurements on the very same balance. Each weighing
was repeated three times and averaged.

2.2.6.2. Brightness measurement

The injection molded samples were scanned using a standard a spectrophotometer -spectro-
guide 45/0 gloss S BYK-Gardner. The measuring device is placed on the even sample surface and the
L* a* and b* values were immediately output on the display for further use. The degree of brightness
was taken by subtraction from the references (PP and PLA). Three samples were taken for averaging
values for each biocomposite material.

2.2.6.3. Tensile strength and Young modulus

Static mechanical properties of manufactured test specimens were measured in tensile strength
and young’s modulus to DIN EN ISO 527-1[27] The tests were carried out on Zwick Roell Z020
universal testing machine. The testing speed for all measurements was 5mm/min and it was
1mm/min for young’s modulus. The reported values represent the averaged results of measurements
performed on 10 samples for each type of composite material.

2.2.6.4. Impact strength, IS

The impact strength was tested in accordance to DIN EN ISO 179-1[28] on Wick/Roell HIT 25P
apparatus. All composites were tested at ambient temperature of 23°C and 50% relative humidity.
The values presented comprise averaged results for 10 tests for each type of composite.

2.2.6.5. Heat deflection temperature, HDT

Heat deflection temperature (HDT) analysis was conducted according to ISO 75-1[29]. The
bending specimens were analysed with 1.8MPa bending force and heating rate 2 °K/min. HDT was
measured when specimen deflected for 0.34

2.2.6.6. Differential scanning calorimeter, DSC

The melting temperature of the composites and the neat matrix were investigated using 204 F1
Phoenix — Netszch Differential Scanning Calorimetry (DSC) which is attached with a cooling system
under a nitrogen atmosphere. DSC analyses were conducted from 40 to 250 °C with a heating rate of
10 °C/min (DIN EN ISO 11357 — 1) [30]. The specimens were sealed in aluminum pans by pressing
and the prepared samples were placed in the furnace of DSC with an empty reference pan. The heat
flow rate as function of temperature was recorded automatically. The melting temperature was
identified as the peak point of the DSC curves.

2.2.6.7. Melt Flow Rate (MFR) and Melt Volume Rate (MVR)

MER and MVR tests are crucial for assessing the processability, performance, and consistency of
biocomposites made from Polypropylene (PP), Polylactic Acid (PLA), and natural fibers. The tests
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were performed on Aflow, ZwickRoell extrusion plastometers which follows ISO 1133-1:2011 for PP-
based biocomposites and ISO 1133-2:2011 for PLA-based biocomposites. The results of MRF and
MVR were recoded as g/10min. and cm3/10min. respectively.

2.2.6.8. Scanning electron microscopy, SEM

SEM micrographs of the fractured specimens were taken in order to evaluate the quality of the
fiber-matrix interface. The sample fracture surfaces for this investigation were gold coated using
sputter coater, S150B, Edwards to prepare the specimens. A scanning electron microscope EVO 60 of
ZEISS, with an emission field gun with acceleration voltage of 7 kV was used.

3. Results and discussion
3.1. Fiber shaping

The results of the fiber shape analysis are shown in Table 1. It reveals that kenaf, bagasse and
soft wood are in the same range of 1 mm (mean value). They also showed an equal form of the length
and thickness distribution (small size distribution), While Hemp exhibited the smallest length and
thickness.

Regarding the aspect ratio, the Kenaf showed the highest value and provides therefore also the
highest available surface area. Thus, it is expected to be very reactive compared to others [31,32]

Table 1. Results of the fibers shape analysis.

Fibers Length Thickness Aspect ratio

Kenaf 1281.25 104.42 12.27
Bagasse 1175.29 197.36 5.96
softwood 1638.13 272.43 6.01

Hemp 588.06 103.95 5.66

A clear peak was observed to for the Kenaf and softwood. It indicates that they have similar fiber
size distribution [33]. The Bagasse has no clear peak; the distribution of length and thickness start
from 40 um (minimum). It had therefore a big size distribution. Figure 1 compared the fibers length,
thickness and aspect ratio for the four types of fibers used, the softwood had the highest length and
thickness fibers, followed by Kenaf with regard to the fibers length and bagasse with regard to the
fibers thickness. The aspect ratio (length-to-thickness ratio) is a critical factor that influences the
mechanical and physical properties of fibers in bio-based composites. Kenaf has the highest aspect
ratio, which is typically associated with improved mechanical properties, such as tensile strength,
since longer fibers distribute stress more effectively in composites. Therefore, it is expected to exhibit
the best mechanical performance. The aspect ratios of Bagasse and softwood are comparable (Table
1), suggesting they may have similar mechanical properties. The Hemp, with the lowest aspect ratio,
was not expected to perform as well mechanically.

3.2. Density of the composites

All manufactured biocomposites reinforced with the fibers have shown density values in nearly
the same range of 0.996-1.001 g/cm3 Fig. (1) for the composites produced using PP. As for those
produced by PLA they exhibited densities ranged from 1.3 to 1.29 g/cm3 as shown in figure 2. The
density of polypropylene reinforced with glass fibers (PP-GF) typically falls within the range of 1.03
to 1.22 g/cm?® when considering standard fiber concentrations of 20 to 40 weight percent (wt%). One
can observed that these densities are in the range of obtained densities when 20% of PP and glass
fiber composites [34].

Low density of polymer composites filled with natural fibers was received due to a specific
hollow structure of the fibers which is totally different from a bulky structure of glass fibers [35,36].
It is worth noting that the lower density of PP biocomposites compared to PLA is mainly due to the
lower intrinsic density and simpler molecular structure of PP that may not fully compensate for the
added weight of the fibers, whereas the inherently denser PLA matrix contributes more to the overall
weight of the composite. This density difference directly affects the mechanical and physical
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properties of the biocomposites, influencing factors like stiffness, thermal properties, and strength-
to-weight ratio.
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Figure 1. Comparison of Density of composites from untreated and treated fibers with PP and PLA.

3.3. Brightness measurement

The results in Fig (2) and (3) present the brightness and AE for both PP and PLA composites with
neat PP and PLA as references. The results indicated that the wood+ PP composites obtained the
highest brightness (L*), While the hemp was the darkest one. The PLA composites followed the same
trend as the PP composites.

The NaOH treatment of the wood removed a high amount of lignin and as a result, the produced
composites obtained higher L* values than the untreated composites. As the color of natural fibers
reverts to the lignin [37], therefore, the wood fibers and the natural fibers have different lignin
structures and content [38-40]. Hemp has a relatively high lignin content compared to fibers like
Kenaf and Bagasse, and lignin tends to darken under heat. This makes hemp-based composites
appear darker. Even though the untreated fibers may not be dark, lignin degradation in the presence
of heat can make hemp composites appear noticeably darker than those with Kenaf and Bagasse.
Additionally, the thermal decomposition under processing condition contributes to color changes
due to chromophores [41] formed from conjugated lignin structures. These factors collectively
contribute to the darkening of biocomposites, with hemp composites often appearing the darkest
among the three due to its lignin content and thermal sensitivity.
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Figure 2. Color measurement results for the PP treated fibers reinforced composites.
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Figure 3. Color measurement results for the PLA treated fibers reinforced composites.
3.4. Mechanical properties

3.4.1. Tensile strength and Young’s modulus

Experimental results of tensile strength and Young’s modulus for the PP and the PLA-based
composites are shown in Figures 4 and 5 respectively. Results show that incorporation of natural fiber
mats has improved the tensile properties of neat PP for each type of composites. The tensile strength
of neat PP was recorded as 23.4 MPa. From the results, it can be observed that Kenaf fiber reinforced
composites showed higher tensile strength (40.1MPa) for both type of matrices as compared to other
type of fiber reinforcement. PP/softwood, PP Bagasse and PP/hemp composites showed an increased
tensile strength of 30.1, 28.7 and 28.2 MPa, respectively, which are higher than the tensile strength of
neat PP(23.4 MPa). Pure PP and pure PLA showed a Young’s modulus of 23.4 and 71.2 MPa,
respectively. A slight increase in the Young’'s modulus of all types of PLA based composites was
observed, whereas PP-based composites showed a relatively higher increase. Although the PLA is
more polar than PP, however, the addition of coupling agents (maleic anhydride-grafted PP) and
influence of alkali treatment led to significant improve in the fiber-matrix adhesion in the case of PP.
It also resulted in better load transfer and a notable increase in tensile strength. The smaller increase
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in tensile strength when adding fibers to PLA compared to PP is due to the intrinsic mechanical
properties of PLA, such as its brittleness and lower ductility, as well as differences in fiber-matrix
adhesion and stress transfer efficiency. Hence, the alkali treatment might work effectively with PP
compared to PLA [42,43]
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Figure 4. Tensile strength of treated and untreated PP and PLA fibers reinforced composites
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Figure 5. Young modulus of PP and PLA fibers reinforced composites

3.4.2. Impact strength

The Alkaline treatment of natural fibers could improve their composite's mechanical properties
depending on some factors such as concentration of the NaOH and socking time [44] and intrinsic
properties of the fibers as well as the polymer metrics. The impact strength of the composites with
treated and untreated fibers (Fig 6) showed close results in the most produced composites except
those results obtained with the hemp fiber as filler. The hemp composites showed a clear
improvement between the alkaline-treated composites and the untreated fibers achieving the highest
impact strength value. This result could revert to fact that the additional grinding of the Hemp fibers
as it was agglomerated after the alkaline treatment had improved hemp fibers” aspect ratio as shown
inin fig. 6, from 6,67 to 8,97 [45,46]. This means that the Hemp fibers became more thinner and shorter
which lead to their well distribution resulted in improved impact strength compared with the other
fibers [47]. Furthermore, the alkaline treatment improves the bonding and surface roughness of hemp
fibers as shown in fig. 7, allowing them to absorb more energy upon impact, even with a lower aspect
ratio compared to the kenaf. Moreover, hemp fibers have higher toughness compared to other fibers,
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like kenaf or wood. Toughness, is a key factor in impact strength. The alkaline treatment tends to
improve the toughness of hemp fibers more effectively because it optimizes the cellulose structure
without significantly degrading the fiber [9,48-51].
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Figure 6. Comparison of the IS of treated and untreated fibers reinforced PP and PLA compsites.

3.5. Heat Deflection Temperature

The interaction between the composite components affects the HDT of natural fiber plastic
biocomposites. The addition of natural fiber to the thermoplastic polymers improves their HDT
performance [52,53] as shown in Fig (7). We can generally notice that the PLA natural fibers
composites have lower HDT values than the PP composites, and this is considered one of the PLA
weaknesses that affect its application specifically in the high-temperature environment [52,54]. On
the other hand, the treated fibers with NaOH recorded slightly higher HDT values than untreated in
the PP composites. While in the PLA composites, there is no clear difference between the treated and
untreated composites. Among all the prepared composites the composites made with PP and treated
kenaf fibers recorded the highest HDT value with above120 C. This difference may attributed to some
factors such as the inherent stability of treated Kenaf (due to to its high stiffness and rigidity) fibers
contributes to improved thermal resistance, raising the HDT of the composite. Other factors could be
alkali treatment of Kenaf fibers typically removes surface impurities like lignin, wax, and oils, which
improves the fiber-matrix adhesion by creating a rougher fiber surface. This stronger bonding allows
more efficient stress transfer between the fibers and the PP matrix under heat, maintaining structural
integrity and resulting in higher HDT [42]. Furthermore, PP has higher compatibility with treated
Kenaf fibers compared to more hydrophilic fibers like hemp, which may have higher moisture
absorption and, consequently, lower thermal stability [43]. The hydrophobic nature of the PP matrix
complements the treated Kenaf fibers, providing better thermal performance overall [42].
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Figure 7. HDT treated and untreated PP and PLA fibers reinforced composites

3.6. Differential scanning calorimeter(DSC)

The data presented in Table (2) illustrate the Differential Scanning Calorimetry (DSC) results for
polypropylene (PP) composites reinforced with different natural fibers, including kenaf, bagasse, and
hemp. The table also highlights the impact of NaOH treatment on these natural fibers. A noticeable
trend across all fibers is the slight increase in melting temperature after the NaOH treatment, which
suggests enhanced fiber-matrix interactions. This improvement is likely due to the treatment
strengthening the bond at the fiber-polymer interface, thus stabilizing the polymer during melting.
Among the fibers studied, bagasse shows the most significant improvement, followed by kenaf and
hemp. These findings agreed with [55,56] who reported that the alkaline treatment of the fibers leads
to a fiber-matrix interface which also improves the thermal stability of the produced composites. It
worth noting that the thick, lignin-rich cell walls of bagasse make it particularly resilient to thermal
degradation. Research has shown that lignin-rich, thick-walled fibers, such as those from bagasse,
can improve the thermal stability of composites by acting as effective barriers to heat flow within the
polymer matrix.

Table 2. Results of DSC for the untreated and treated fibers with PP composites.

Fibers Melting temperature/°C

PP untreated PP treated
Kenaf 165,1 165,4
Bagasse 165,2 165,8
Hemp 165,5 165,7
Softwood 165,2 165,4

On the other hand, the DSC results of the different fibers reinforced PLA composites (table 3)
indicates the changes in melting temperature after NaOH treatment reporting that the effectiveness
of fiber alkaline treatment depends on the type of fiber. Bagasse and softwood, being the thicker fibers
were less flexible, which can limit movement within the polymer matrix and provide enhanced
structural stability at elevated temperatures. This means that with a more increase in melting
temperature, demonstrate that fibers morphology can play significant role in addition to the alkaline
treatment in terms of improving thermal stability in the produced composites. However, the minimal
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changes for kenaf and hemp indicate that their thinner fibers together with the alkaline treatment
might not substantially alter their thermal properties.
Table 3. Results of DSC for the untreated and treated fibers reinforced PLA composites

Fibers Melting temperature/°C

PLA untreated PLA treated
Kenaf 168,8 168,9
Bagasse 168,8 169,3
Hemp 169,5 169,1
Softwood 169,1 169,6

3.7. Melt flow rate (MFR), and Melt volume rate (MVR)

The MEFR results for PP and PLA composites are presented in fig 8 and 9. It shows a decrease in
MEFR values when adding fibers. This is understandable as due to the presence of fibers in melts and
their partial misalignment [57], which significantly affects the dynamics of visco-elasticity of the melts
[58], hindering the mobility of molecular chains. Furthermore, it can be seen that different fibers have
different MFR values. Kenaf and softwood are having comparable values due to the similarities in
their fibers distribution and length.

The MFR and MVR graphs for PP composites reinforced with treated and untreated kenaf,
bagasse, softwood, and hemp fibers show that the MFR of kenaf fibers treated with 5% NaOH is
higher than that of the untreated kenaf in the PP matrix. However, for softwood, bagasse, and hemp,
the MFR values for untreated fibers are slightly higher than those of the treated fibers.

The observed differences in the MFR and MVR of NaOH-treated versus untreated fibers in
polypropylene (PP) composites can be attributed to the changes in fiber structure and interface
characteristics after treatment. Alkaline treatment with NaOH is known to modify the surface of
natural fibers by removing lignin, hemicellulose, and other impurities, which can improve fiber-
matrix adhesion in PP composites. This enhanced adhesion often leads to a more effective stress
transfer and reduced fiber sliding, resulting in a higher MFR compared to untreated fibers,
particularly for fibers like kenaf. This suggests that kenaf fibers, after NaOH treatment, have a better
interfacial bonding with the PP matrix, which contributes to improved flow properties under the
testing conditions.

However, for fibers like softwood, bagasse, and hemp, untreated fibers may sometimes show a
slightly higher MFR. This can happen if the NaOH treatment reduces fiber flexibility or if certain
structural components, such as lignin, which were partially retained in untreated fibers, improve
processability without necessarily increasing matrix bonding as much as in the case of kenaf.

Such observations align with findings in polymer composites, where factors like fiber structure,
treatment method, and fiber type play critical roles in MFR variation. This has been noted in studies
on fiber-reinforced composites, including those incorporating lignocellulosic fibers like sisal and
corncob in PP matrices, which showed treatment-induced changes in rheology and interface
characteristics that could impact MFR depending on fiber type and treatment intensity [59,60]
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Figure 11. The Melt Volume Rate (MVR) treated and untreated of kenaf, Bagasse, hemp, and softwood with
PLA

3.8. Morphological analysis

Morphological analysis of treated polypropylene (PP) and polylactic acid (PLA) biocomposites was
conducted to evaluate fiber dispersion, fiber/matrix adhesion, and interfacial properties. SEM micrographs
highlighted differences based on fiber type, polymer matrix, and treatment(fig.12). The images of kenaf fibers
embedded in PP (a) and PLA (b) reveal that NaOH treatment roughened the surface of the kenaf fibers by
removing impurities, which improved mechanical interlocking with the PP matrix. This led to tighter bonding
and fewer visible gaps, enhancing interfacial adhesion. In contrast, the image of PLA (b) composites showed
weaker adhesion, as fibers appeared completely detached with residual PLA adhering to their surfaces. Voids
were more prominent compared to the PP composite, indicating areas of debonding. The incompatibility,
presence of large voids, and phase separation between the fibers and PLA matrix were attributed to the
hydrophilic nature of kenaf fibers, which induced interfacial debonding with the hydrophobic PLA matrix.
Similar results were observed by Moustafa et al. when using untreated kenaf fibers with polystyrene polymer
[61]. The results indicated that the treatment of kenaf fibers with NaOH does not significantly improve adhesion
with the PLA matrix, likely due to the intrinsic incompatibility between the hydrophilic kenaf fibers and the
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hydrophobic PLA polymer. This suggests that additional strategies, such as using coupling agents or
compatibilizers, might be necessary to promote better interfacial bonding with PLA [62].

For bagasse fibers, the SEM image of the PP composite (c) showed that the fibers exhibit a distinct texture
compared to kenaf, presenting a more compact structure with less fibrillation. Bagasse fibers tend to maintain a
more intact surface, unlike the roughened, fibrillated surface observed in treated kenaf fibers. These
morphological differences influence their bonding with the polymer matrix, as reflected in the variation in
mechanical properties. Consequently, kenaf demonstrated superior performance compared to bagasse. The
micrographs of bagasse and PLA biocomposites (image d) revealed significant voids, gaps, and fiber pull-out
compared to image (c), indicating poor interfacial adhesion and, consequently, subpar mechanical properties.
Despite this, bagasse fibers have been shown to significantly enhance the stiffness of PLA even without the use
of a coupling agent [63]. Similar studies suggested that adding a compatibilizer or hybrid materials such as
nanosilica may improve adhesion [64].

The micrographs of hemp PP (e) and hemp PLA (f) composites revealed additional differences. Treated
hemp PP composites exhibit good bonding between fibers and the matrix, with fewer gaps observed. The
treatment resulted in smoother fiber surfaces and increased the aspect ratio of the fibers by reducing their
thickness. This thinning, however, led to a decrease in the tensile strength of individual hemp fibers, ultimately
resulting in lower mechanical properties for the hemp fiber composites [65]. In the case of PLA composites,
significant fiber-matrix gaps indicate poor adhesion. Despite the NaOH treatment, rough fiber surfaces are still
visible. Partially detached fibers and their imprints in the matrix are also noticeable, further suggesting weak
interfacial bonding.

For softwood-based composites, the PP composite (g) showed pronounced surface roughness, with PP
covering most of the fibers compared to image (h). However, some gaps and uncovered fibers remain visible.
Regarding PLA composites, the extent of fiber pull-out is notably larger compared to PP composites, further
underscoring the differences in interfacial adhesion between the two matrices. Moreover, the softwood-based
PP and PLA biocomposites exhibited fibrous particles evenly dispersed within the PP and PLA matrices, with a
minimal number of voids compared to the three other fibers. The fracture surfaces appeared uniform, indicating
good adhesion. This may be attributed to the structure of wood particles, which lack lumens, unlike bast, stem,
and leaf fibers [17]. It is worth noting that the micrograph of the softwood-PP biocomposite closely resembles
that of the bagasse-PP biocomposite, indicating a similarity in their mechanical properties.

The differences between PP and PLA matrices were evident. PP, being a non-polar polymer, interacts
weakly with natural fibers (which are polar). However, coupling agents such as maleic anhydride-grafted PP
significantly improved fiber-matrix adhesion, leading to better load transfer and a notable increase in tensile
strength. In contrast, PLA, a polar polymer, should theoretically exhibit better adhesion with polar natural fibers.
However, PLA's brittleness, rigidity, and crystalline structure limit its ability to distribute stress effectively,
resulting in a smaller increase in tensile strength even with good bonding. Furthermore, the fracture behavior of
the three different fiber types varied, influenced by their distinct mechanical properties and geometries, which
affected stress distribution within the matrix.

Less 'flbriliation
Rough surface

p. 3 5 @ N / 2 ”
Figure 12. SEM micrographs of Kenaf/PP biocomposites (a) Kenaf/PLA biocomposite (b), Bagasse/PP
biocomposites (c), Bagasse/PLA biocomposites (d), Hemp/PP biocomposites (e), Hemp/PLA biocomposites (f),
Softwood/PP biocomposite (g), and Softwood/PLA biocomposite (h).

re

4. Conclusions

The mechanical performance of biocomposites is significantly influenced by the aspect ratio of
the reinforcing fibers. Among the fibers tested, Kenaf exhibited the highest aspect ratio and
consequently the best mechanical properties, followed closely by softwood and Bagasse, which
showed comparable performance. Initially, hemp fibers had the lowest aspect ratio and displayed
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weaker mechanical strength; however, following alkaline treatment and grinding, their aspect ratio
increased to 8.97, surpassing that of Bagasse and softwood, resulting in improved impact strength.

These biocomposites also demonstrated lower density compared to those made from synthetic
fibers, providing a lightweight alternative suitable for applications where weight reduction is critical
without sacrificing mechanical performance. Additionally, the chemical composition of the fibers and
the effects of alkaline treatment influenced the color of the biocomposites, with hemp displaying the
darkest shade, thereby offering aesthetic versatility for eco-friendly designs.

In terms of tensile strength, the addition of fibers to PLA resulted in a smaller increase compared
to PP, attributed to PLA's inherent brittleness, lower ductility, and weaker fiber-matrix adhesion. As
such, alkali treatment may prove more effective in enhancing fiber reinforcement within PP
composites.

Thermal stability varied among the fibers; Kenaf fibers exhibited the highest heat distortion
temperature (HDT), while Bagasse had a high melting temperature due to its thick cell wall. Notably,
PP-based biocomposites outperformed PLA counterparts in thermal performance.

The introduction of fibers also reduced the melt flow rate (MRF) and melt volume rate (MVR) in
both PP and PLA, as the fibers influenced the viscoelastic dynamics of the melts by hindering the
mobility of molecular chains. Ultimately, the differing behaviors of the fibers and the polymer
matrices stem from both the fibers composition, morphology, their response to the chemical
treatment and the intrinsic properties of the polymers used.
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