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Obstract

This study investigated the impact of alkaline treatment on mallow fibers used as reinforcement in bi-axially oriented 
polypropylene (BOPP) waste composites. Fibers were treated with a 5% NaOH solution and characterized by XRD, 
FTIR, TGA, and tensile testing. Composites were fabricated with both untreated and treated fibers, and their physical, 
thermal, morphological, and mechanical properties were evaluated. XRD analysis revealed an increase in crystallinity 
index after treatment, correlating with enhanced breaking stress in treated fibers. Composites with treated fibers 
exhibited significantly reduced thickness swelling and water absorption, indicating improved fiber-matrix compatibility. 
SEM micrographs confirmed enhanced fiber-matrix adhesion in composites using treated fibers. Overall, the results 
demonstrate that alkali treatment significantly improves the properties of mallow fiber/BOPP composites, promoting 
their use as sustainable and eco-friendly materials. This research highlights the potential of valorizing agricultural waste 
and recycled plastics for the development of high-performance composites.
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1. Introduction

Industry sectors, especially civil construction, are 
increasingly looking for sustainable technological solutions 
that meet their demands. For that, research has been carried 
out to develop new materials derived from natural resources, 
which can be used to add value to these raw materials, as 
well as guarantee their preservation[1].

In this context, vegetable fibers are biodegradable 
materials of renewable origin, found in great abundance 
and constitute an alternative to synthetic materials, such as 
fiberglass, widely used since the 1950s[2]. The advantages 
of natural fibers are several, including low density, low 
production cost, high specific strength and modulus of 
elasticity, in addition to being non-abrasive and non-toxic[3,4].

Mallow fiber (Urena Lobata L.) stands out among these 
diversities because it has great potential and economic 
viability to be used as a reinforcement material in polymeric 
composites[5]. It is cultivated in regions with hot and humid 
climates, being produced on a large scale in the Amazon 
region[6]. It is used as the basis for a variety of manufactured 
products, the main one being the manufacture of bags for 
storing food products[7]. It is widely available, lightweight, 

inexpensive, and has superior mechanical properties to other 
plant fibers such as kenaf fiber[8].

From another perspective, polypropylene is one of the 
most versatile thermoplastic polymers and most used in 
industrial applications[9]. Bi-axially oriented polypropylene 
(BOPP) are materials widely used in the flexible packaging 
sector, mainly for food products, due to their efficiency in 
physically and chemically preserving packaged products, in 
line with their low cost and lower environmental impact[10]. 
They are recyclable, however, they are not recycled on a 
large scale, which generates a large amount of waste from 
this material that has no destination[11]. One of the ways to 
reuse this material is to use it in the production of sustainable 
materials, such as in composite matrix reinforced with 
vegetable fibers[12].

However, lignocellulosic fibers are highly hydrophilic 
due to their chemical components, especially cellulose, 
which cause poor compatibility with the thermoplastic 
matrix, which has a polar character, resulting in composites 
with low resistance to moisture absorption[13]. On the other 
hand, there are surface modification methods that minimize 
these problems and provide better adhesion between fiber 
and matrix[14].
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 To address the challenge of poor adhesion between 
mallow fibers and PP, a hydrophobic thermoplastic matrix, 
mercerization can be a suitable option, as it is a well-established 
treatment for lignocellulosic fibers[15]. This method reduces 
the hydrophilicity of the fiber, improving compatibility with 
the polymer, which increases surface roughness and provides 
more mechanical anchoring points for stronger fiber-resin 
bonding[16]. Through this, it is possible to obtain an improved 
material with sustainable characteristics and competitive with 
industrial raw materials, which come from non-renewable 
sources and cause damage to the environment[15].

The main objective of this study is to produce polymeric 
composites with a waste from the manufacturing process 
of bi-axially oriented polypropylene (BOPP) as matrix 
and to evaluate the effect of mercerization on the surface 
of mallow fibers, used as reinforcement material, on their 
physical, thermal, mechanical and morphological properties.

2. Materials and Methods

2.1. Materials

The mallow fiber used in this study was donated by 
Companhia Têxtil de Castanhal, located in the municipality 
of Manacapuru, metropolitan region of Manaus-AM. Waste 
from the manufacturing process of bi-axially oriented 
polypropylene (BOPP) films, in the form of flackes and 
powder, came from the Videolar-Innova S/A factory, located 
in Manaus-AM. The NaOH used was Anidrol brand.

2.2. Methods

2.2.1. Alkali treatment

Initially, the fibers were cut to a nominal length of 1 
cm. The alkaline treatment was carried out according to the 
methodology adopted by Giacon et al.[17], which consisted 
of immersing the mallow fibers in a 5% by weight NaOH 
solution for 60 min. Subsequently, the fibers were washed 
with running water until reaching pH 7 and dried at room 
temperature for 96hrs. The untreated and treated fibers were 
characterized to investigate the effects of mercerization using 
the following techniques: XRD, FTIR, TGA and Tensile test.

2.2.2. X-ray diffraction (XRD)

The fibers were analyzed by X-ray diffraction using a 
Shimadzu diffractometer, model Máxima XDR-7000, operating 
with copper radiation (CuKα), in which a continuous sweep 
was performed in the range of 10° < 2θ < 80°, at a rate of 2°/
min and a step size of 0.02°. The crystallinity index (CI %) 
was determined according to Segal et al.[18] using Equation 1:

(002) ( )
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−

= ×  (1)

I(002) is related to the crystalline region, corresponding to 
the maximum diffraction intensity and I(am) is related to the 
amorphous part, corresponding to the minimum diffraction 
intensity.

2.2.3. Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy was performed on the treated and 
untreated fibers using a Shimadzu spectrometer (IRAffinity-
1s) by horizontal Attenuated Total Reflection (ATR) with 
diamond prism. Scanning was performed in the infrared 
region from 4000 to 500 cm-1, with an average of 32 scans 
for each spectrum.

2.2.4. Thermogravimetric analysis (TGA)

Thermal analysis (TGA/DTG) of samples of about 10 
mg of treated and untreated fibers were performed using the 
SDT Q600 equipment from TA Instrument with a heating 
rate of 10 °C/min until the final temperature of 700 °C, 
with 5.0 nitrogen gas flow of 30 ml/min in a 90 microliter 
alumina crucible without lid.

2.2.5. Tensile test

The single fiber tensile test was performed on treated 
and untreated fibers with a length of 30 mm according to 
the ASTM 3379-75[19] standard in an Oswaldo Filizola 
universal testing machine, model AME-5KN, with a capacity 
of 500 Kgf. The specimen model for this test according to 
ASTM 3379-75[19] is shown in Figure 1:

To determine the rupture stress, the modulus of elasticity 
and the deformation, Equations 2, 3 and 4 were used:
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2.2.6. Composite production

Two types of composites were produced, using untreated 
mallow fibers (UMC) and mallow fibers treated with 5% 
NaOH (TMC), according to the methodology adopted by 
Chatterjee et al.[20], through thermoforming. The proportion 

Figure 1. Specimen of single fiber tensile test with ASTM 3379-75 standard.
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adopted in the production of composites was 70% by weight 
of fibers and 30% of BOPP (50% in flakes and 50% in 
powder). The components were weighed and manually mixed 
until the fibers were completely enveloped by the BOPP, for 
approximately 30 min. Afterwards, the mixture was uniformly 
distributed in a metallic mold with dimensions of 28 × 28 × 
1 cm coated with Teflon film and kept in a thermo-hydraulic 
press at 15 MPa, 170 °C, for 20 min. After pressing, the 
composites were cooled for 20 min with the aid of a fan and 
then removed from the mold. Finally, the panels were cut 
to produce the specimens used in the characterizations. The 
UMC and TMC composites (Figure 2) were characterized 
using the following techniques: density, thickness swelling, 
thermal conductivity, SEM and izod impact test.

2.2.7. Physical properties

The composites were physically characterized according 
to the Brazilian standard ABNT NBR 15316-2:2019[21] for 
the determination of density and thickness swelling for 24 
hours and according to the ASTM D570-22[22] standard 
to perform the water absorption test. For the density and 
thickness swelling tests, 10 specimens with dimensions of 
50 × 50 mm were used for each type of composite. For the 
water absorption test, 5 specimens were used for each type 
of composite, with dimensions of 76.2 × 25.4 mm.

2.2.8. Thermal conductivity

The thermal conductivity test was carried out following 
the specifications of the ASTM D7984-21[23] standard using a 
TCi Thermal Conductivity analyzer from the C-Therm brand 
with thermal capacity from 0 to 50 W m-1 K-1 and temperature 
range from -50 to 200 °C. The thermal conductivity was 
calculated through the average of 10 cycles obtained from 
10 samples of 50 × 50 mm of each type of composite.

2.2.9. Scanning electron microscopy (SEM)

The composites were morphologically characterized 
through Scanning Electron Microscopy (SEM), using a 
TESCAN VEGA3 scanning electron microscope. Samples 
from the internal region and from the surface of the MUC and 

MTC composites were fixed with double-sided adhesive tape 
in aluminum sample holders and metallized with platinum, 
for 5 min, using the Bal-Tec equipment, model SCD 050. 
The images were obtained with the microscope operated 
at a voltage of 15.0 kV.

2.2.10. Izod impact test

The Izod impact test was carried out on the composites 
according to ASTM D256-10[24] standard using a Tinius Olsen 
impact pendulum together with the model 104 controller. 10 
specimens of each type of composite were analyzed, with 
dimensions of 62.5 × 12.7 mm.

2.2.11. Statistical analysis

The data obtained were treated statistically with 
analysis of variance (ANOVA), at 5% significance. The null 
hypothesis (H0) is the equivalence of the response variables 
and the alternative hypothesis (H1) is the non-equivalence; 
p-value>0.05 of the test implies accepting H0, otherwise 
it is rejected.

3. Results and Discussions

3.1. X-ray diffraction (XRD)

From the XDR diffractogram (Figure 3) it is possible to 
notice that the untreated and treated mallow fiber samples 
present three well-defined main reflection peaks: at 2θ = 18.7º, 
2θ = 22.3º and 2θ = 35º, corresponding to the crystallographic 
planes (101), (002) and (040), respectively, characteristic planes 
of type 1 cellulose[25]. The most intense reflection occurs in 
the (002) plane for both samples, which corresponds to the 
lattice planes of the densest glycosidic rings in the structure 
of cellulose I, being the only naturally occurring polymorphic 
form of cellulose[26]. It is also possible to observe that the 
samples present the same diffraction behavior, with variations 
only in the intensity of the peaks, thus, it is clear that there 
was influence of the alkali treatment on the crystallinity of 
the mallow fiber. The values found for the crystallinity index 
were 64.64% and 71.28% for untreated and treated mallow 

Figure 2. Composite (a) UMC and (b) TMC.
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fiber, respectively. This increase indicates that the treatment 
promoted the reduction of materials such as lignin, hemicellulose 
and other components that do not confer crystallinity to the 
fiber. Crystallinity, which is related to the amount of cellulose 
present in the fiber, increases compared to the untreated fiber 
due to the formation of hydrogen bonds between the cellulose 
chains, which results in better packing in the fiber[27].

3.2. Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectra of untreated and treated fibers (Figure 4) 
show bands characteristic of lignocellulosic fibers. The 
spectra presents a band at 3400 cm-1, which corresponds 
to the stretching of hydroxyl groups O-H of cellulose, 
hemicellulose and lignin[28]. The transmittance in this peak 
for the treated fiber spectrum was modified compared 
with the spectrum of untreated fiber, which is related to 
the presence of free hydroxyl groups with the breaking of 
cellulose, hemicellulose and lignin bonds resulting from the 
mercerization process[28]. The band at 2897 cm-1 is related 
to the stretching of aliphatic C-H from the methyl -CH3 and 
methylene -CH2 groups, a characteristic functional group of 
lignocellulosic components present in vegetable fibers[29]. The 
band at 1740 cm-1 is associated with the C=O stretching of 
the carbonyl group, present in the acetyl ester or carboxylic 
groups of hemicellulose, which disappears in the spectrum 
of the mercerized fiber, indicating high removal of this 
component and also a change in the chemical composition of 
the surface fiber after chemical treatment. The band at 1600 
cm−1 corresponds to the C=C stretching of the aromatic rings, 
typical of the lignin structure[30]. There was also a decrease 
in the band observed at 1242 cm-1, which corresponds to the 
C-O-C group, present in hemicellulose and lignin, indicating 
the reduction of these components after chemical treatment[31]. 
This same characteristic is found in the bands at 1427 cm-1 
and 1370 cm-1, associated with vibrations of the C-C bond of 
aromatic rings and the asymmetric deformation of the methyl 
group[7]. The band at 1172 cm-1 is associated with stretching 
of the C-O group of esters and lignin[7]. The most intense band 
occurs at 1033 cm-1, which can be associated with the C-H 

group and C-O deformations, which are naturally occurring 
in lignocellulosic fibers[29]. These results show that the alkali 
treatment is efficient in removing hemicellulose and lignin 
fractions from mallow fiber.

3.3. Thermogravimetric analysis (TGA)

From the TGA and DTG curves of untreated and treated 
fibers (Figure 5) it is possible to observe the existence of 
four well-defined degradation events. In the first event, there 
are mass losses of 10.37% and 10.16% in the temperature 
range of 25-118°C and 25-150°C for untreated and treated 
fiber, respectively, related to moisture loss due to to the 
evaporation of water[1]. The second event is related to 
the process of degradation mainly of hemicellulose, also 
occurring the beginning of the decomposition of lignin[32]. For 
the untreated fiber, the process occurred in the temperature 
range of 220-310 °C with a mass loss of 14.62%. It is noticed 
the absence of the characteristic peak of hemicellulose for 
the treated fiber, indicating that chemical treatment was 
efficient in its removal[15]. The third event is due to the 
decomposition of cellulose, for the untreated fiber there is a 
mass loss of 51.20% between 309-384 °C and for the treated 
fiber there is a mass loss of 52.93% between 200-400 °C[33]. 
Decomposition of lignin starts at approximately 272 °C for 
the untreated mallow fiber and at 240 °C for the treated fiber, 
along with the degradation of the hemicellulose[32]. Lignin 
is the most complex lignocellulosic component to degrade, 
with thermal decomposition over a wide temperature range 
due to its complex structure, which is overlapped by other 
peaks[34]. The fourth event refers to the decomposition of 
lignin and residual inorganic material[6]. For the untreated 
fiber, the degradation occurs in the range of 394-563 °C, 
with a mass loss of 20.96%, while the treated fiber has a 
curve longer in this region, starting at approximately 384 °C 
and extending to a temperature of 674 °C, with a mass 
loss of 32.30%. At the end of the curves, the ash content, 
remaining at high temperatures, presented by the untreated 
and treated fibers of 0.29% and 0.11%, respectively, is 
observed. In general, the treated fiber is decomposed at 

Figure 3. Diffractogram of treated and untreated mallow fibers.
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lower temperatures and has greater mass loss compared to 
the untreated fiber, indicating that the chemical treatment 
removed the fiber constituents that are thermally unstable, 
such as hemicelluloses, holocellulose and ash[35].

3.4. Tensile test

The results of the single-fiber tensile test for tensile 
strength, modulus of elasticity, elongation at break and the 
average diameter of treated and untreated mallow fibers are 
shown in Table 1, which showed a significant difference 
between them (p<0.05). Also, the table reports the mean 
values for most common lignocellulosic fibers in raw form, 
as mentioned in scientific literature[36].

Compared to the most common lignocellulosic fibers 
studied in the scientific literature, the already-high mechanical 
performance of treated mallow fibers stands out, suggesting 
the potential of mercerization to enhance the mechanical 
properties of lignocellulosic fibers.

The significant increase in the values obtained for the 
tensile strength rupture, modulus of elasticity and elongation 

at break of the treated fiber in relation to the untreated fiber 
can be related to the diameter of the fibers[37]. The average 
diameters of the fibers decreased with the treatment, from 
0.050 mm to 0.042 mm, due to the action of the chemical 
treatment that acts to remove amorphous materials and 
cause fibrillation of the fiber bundle, reducing its diameter 
and increasing its roughness, making them more resistant 
and rigid[38]. According to Margem[7], fibers with smaller 
diameters have better mechanical tensile properties because 
they have a greater capacity to absorb energy before fracturing. 
In addition, the crystallinity index is directly related to the 
tensile strength and modulus of elasticity of the fiber, that 
is, the higher the cellulose content present in the fiber, the 
better its mechanical performance[39]. Furthermore, the 
crystallinity index is directly related to the tensile strength 
and elastic modulus of the fiber[39]. However, Fonseca[40] 
reported that increasing the tensile strength of individual 
fibers will not necessarily indicate composites with greater 
mechanical strength. Other characteristics also influence 
these properties, such as those related to fiber anatomy.

Figure 5. TGA/DTG curves of treated and untreated mallow fiber.

Figure 4. FTIR spectra of treated and untreated mallow fibers.
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3.5. Physical properties

Table 2 presents the mean values obtained for the 
density, density variation (D%), thickness swelling and 
water absorption of the UMC and TMC composites. With 
regard to density, the composites do not present a significant 
difference between them (p>0.05). Both composites showed 
characteristics of Medium Density Fibreboard (MDF), in 
accordance with the Brazilian standard ABNT NBR 15316-
2:2019[21], which establishes average density values between 
651-800 Kg/m3. The UMC composite showed the highest 
maximum density variation modulus (D%), corresponding 
to 7.47%, indicating that the TMC composite has greater 
stability in relation to this property. For the properties of 
thickness swelling and water absorption, both composites 
show a significant difference between them (p<0.05). As 
for the thickness swelling, both composites showed average 
values within the limit established by the Brazilian standard 
ABNT NBR 15316-2:2019[21] for medium density fiberboard 
used in dry and wet conditions, which determine maximum 
values of 17% and 12%, respectively. With regard to water 
absorption, the minimum requirements are not included 
in the standard used to carry out the test, however, both 
composites meet the European Standard EN 317:1993[41], 
which establishes a maximum of 35% for this property in 
fiberboard. For the UMC fiber composite, the higher thickness 
swelling and water absorption content is associated with 
the presence of hydroxyl and non-polar groups in various 
components of the fiber, which are susceptible to water[42]. 
Thickness swelling and water absorption in polymeric 
composites have an intrinsic relationship. In general, the 
absorption of water causes gradual swelling in the cell walls 
of the fibers, which expand until saturation. Thus, the micro 
voids, pores and cracks at the fiber/matrix interface are now 
occupied by water, increasing the thickness and weight of 
the composites[43]. According to Marinho[44], the higher the 
residual lignin content in the fiber after chemical treatment, 

the lower its vulnerability to water absorption. From this, 
it is understood that mercerization removed a small part of 
lignin from the fiber, resulting in a significant improvement 
in the physical properties of the composites.

3.6. Thermal conductivity

In Table 3, it is possible to compare the results obtained 
for conductivity, effusivity and diffusivity for the UMC 
and TMC composites, which did not present a significant 
difference between them (p>0.05). Fiorelli et al.[45] 
characterized particleboard panels of bagasse and sugarcane, 
curaua and jute fibers and reported results similar to those 
found in the present study, with an average value of 0.14 
W/mK. The alkali treatment tends to increase the thermal 
conductivity of polymeric composites due to the reduction 
of voids present at the fiber/matrix interface, increasing the 
contact area between these components, which facilitates 
heat transport[46]. Furthermore, the alkali treatment removes 
the amorphous components present in the fiber, leading to an 
increase in crystallinity which in turn improves packing and 
heat flux in the structure[47]. Therefore, it was expected that 
there would be an increase in thermal conductivity for the 
TMC composite, according to the literature[46,48], which did 
not occur in this study. However, both composites showed 
good thermal conductivity properties and are classified as 
insulating materials, as they have average values below 0.25 
W/mK[49]. Thus, these materials can be used in applications 
that require thermal insulation.

3.7. Scanning Electron Microscopy (SEM)

Figure 6 shows the SEM images of the cross section of 
the UMC and TMC composites, at a scale of 100 μm. As 
shown in Figure 6a, it was verified that the UMC composite 
presented a low adhesion between fiber and matrix, being 
little homogeneous and having empty spaces due to the 
lack of wettability with the matrix. The TMC composite 

Table 2. Physical properties of UMC and TMC composites

Composite Density (Kg/m3) D% Thickness Swelling (%) Water Absorption (%)
UMC 797.80 ± 39.42a 7.47 10.59 ± 4.52a 31.14 ± 0.45a

TMC 798.43 ± 16.82a 3.96 4.97 ± 1.71b 27.41 ± 0.24b

Mean values with same letter do not present significant statistical variation (p<0.05).

Table 1. Mean values of tensile strength (σ), modulus of elasticity (E), elongation at break (ε) and diameter of treated and untreated 
mallow fibers, as well as other lignocellulosic fibers.

Material σ (MPa) E (GPa) ε (%) Diameter (mm)
Untreated mallow fiber 447.76 ± 103.03a 59.62 ± 10.28a 0.76 ± 0.17a 0.050 ± 0.008a

Treated mallow fiber 1039.45 ± 128.15b 88.23 ± 14.49b 1.20 ± 0.21b 0.042 ± 0.006b

Coconut Fiber 100 - 230 2.8 - 6 15 - 38 -
Flax Fiber 345 - 1035 27.6 - 70 1.2 - 3.2 -

Hemp Fiber 270 - 900 23.5 - 90 1.0 - 3.5 -
Jute Fiber 393 - 800 8 - 55 1.0 - 1.8 -
Sisal Fiber 458 - 720 9 - 24 2 - 4.3 -

Table 3. Thermal conductivity of UMC and TMC composites.

Composite Thermal Conductivity (Wm-1K-1) Effusiveness (Ws½m-2K-1) Diffusivity (m2s-110-7)
UMC 0.140 ± 0.048a 313.154 ± 62.703a 1.923 ± 0.576a

TMC 0.117 ± 0.042a 278.144 ± 70.757a 1.703  ±  0.373a

Mean values with same letter do not present significant statistical variation (p<0.05).
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(Figure 6b) presented different characteristics, being 
homogeneous and uniform, showing that there was good 
adhesion between fiber/matrix due to the surface treatment. 
The treatment promoted an increase in the fibrillar surface 
area, facilitating the anchoring of the fiber to the polymeric 
matrix and favoring the interfacial adhesion mechanism[15].

Figure 7 shows SEM images of the surface of UMC and 
TMC composites. It is possible to observe that the UMC 
composite (Figure 7a) has pores and cracks throughout its 
surface, unlike the TMC composite (Figure 7b), which has 
a smooth surface and no surface defects. These pores and 
fissures influence the physical properties of the material as 
they leave the fiber exposed, accumulate water, making the 
composite heavier and thicker[43]. These evidenced aspects 
corroborate the results obtained in the thickness swelling 
and water absorption tests.

3.8. Izod impact test

Table 4 presents the results obtained in the Izod impact 
test for the UMC and TMC composites, which did not present 
a significant difference between them (p>0.05). However, 
it was expected that the TMC composite would present a 
higher average value of impact strength when compared to 
the UMC composite, so that the alkali treatment would make 
the mallow fiber more resistant to load transfer between fiber/
matrix on impact[50]. As seen in the SEM images, the alkali 
treatment promoted a better interfacial bond between the 
fiber and the matrix caused by the removal of amorphous 
components such as waxes and oils from the fiber surface. 
According to Senthilkumar et al.[51], this can lead to a strong 
mechanical lock between the fiber and the matrix, reducing 
fiber pullout, which promotes a negative effect on the impact 

Figure 6. SEM analysis of cross section of (a) UMC and (b) TMC composites

Figure 7. SEM analysis of surface of (a) UMC and (b) TMC composites.
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strength of the composite. Similar results are found in the 
literature reported by Senthilkumar et al.[51] and Goud and 
Rao[52], in which an improvement in adhesion between fiber/
matrix and a decrease in impact strength was observed with 
the alkali treatment. Despite this, both composites showed 
results superior to the impact resistance of other polymeric 
composites reinforced with other natural fibers, such as PHBV 
and curaua fiber with impact strength of 169.4 J/m[53] and 
recycled PP and royal palm fiber with 35 J/m[54].

4. Conclusions

The alkali treatment reduced the average diameter of 
mallow fibers due to the removal of amorphous components 
from its surface, such as lignin, hemicellulose and organic 
materials. This led to an increase in the crystallinity index, 
thermal stability and tensile strength of a single fiber. 
Thickness swelling and water absorption of the TMC 
composite were significantly lower compared to the UMC 
composite. The alkaline treatment did not influence the 
thermal conductivity of the composites, however, both can 
be classified as insulating materials. The impact resistance of 
the composites was not influenced by the chemical treatment. 
The improvement in the interfacial adhesion mechanism 
between fiber/matrix with treatment, observed from the SEM 
images, may have had an impact on this property. Based on 
this, mallow fibers showed results that demonstrate their 
potential for use as a source of raw material in polymeric 
composites, considering that in addition to their satisfactory 
properties, they promote the reduction of the consumption 
of non-renewable raw materials, as well as the use of BOPP 
as a matrix, which adds value to industry waste that has a 
negative impact on the environment.
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