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1. Introducion
The increasing substitution of synthetic fibers by 

lignocellulosic fibers, it’s a response to the concern in the 
development of materials through technologies that enable 
the use of products that cause less environmental impact. 
Vegetable fibers, when incorporated into polymers, can be 
processed by many conventional methods, such as extrusion, 
injection, calendering, laminating, pressing and others1.

In this context, lignocellulosic fibers have many features 
that make their use beneficial, such as low density, low cost 
and high elasticity modulus. Also, they are nontoxic, not 
abrasive and are originated from renewable sources. These 
fibers are abundant in Brazil and can be easily modified by 
chemical agents, exhibiting comparable mechanical properties 
to other synthetic reinforcements2,3.

However, vegetable fibers have a hydrophilic nature, 
affecting the adhesive properties when they are incorporated 
in hydrophobic polymer matrices4-6. To minimize the 
poor adhesion with hydrophobic polymeric matrices, it is 
possible to modify the fiber surface with chemical methods. 
The chemical treatment with sodium hydroxide used in plant 
fibers, known as mercerization, tends to improve the adhesive 
characteristics, and clean the fiber surface, removing waxes, 
greases, and part of the hemicelluloses which is soluble in 
very low concentrations of alkali7.

Brazil stands out as one of the largest banana producer 
countries in the world. Thus, banana cultivation has been 
an important agricultural activity to its economy. Over the 
past five years, the cultivation has spread, primarily in the 
southeastern and northeastern regions, due to the emergence 

of new technologies driven by the use of raw materials, 
originated from renewable sources, in the automotive sector8,9.

The production conditions of banana cause a large 
amount of vegetable matter accumulated in the soil and 
create, per year, 180 to 200 tons of vegetable waste (leaves, 
pseudo-stems and stalk) per hectare10. The pseudostem is the 
main banana crop residue and, when the bunch of bananas is 
removed, it does not produce a new bunch, which causes it 
to be left in the soil and attracts bio-consumer creatures11,12.

In order to solve this problem it is necessary to look for 
alternatives to enhance the pseudostem of the banana as raw 
material. The objective of this work is to study the chemical 
composition, density, physicochemical characteristics, 
morphological and mechanical properties of banana fiber 
called Musa velutina, also known as the purple banana.

2. Material and Methods
2.1. Materials

The fibers of purple banana (Musa velutina) used originated 
from Salvador (Bahia, Brazil). The reagent employed in this 
study was sodium hydroxide (Vetec).

2.2. Methods
2.2.1. Extraction of banana fiber

Fibers of purple banana were obtained as raw material 
by brushing the pseudostem. Two batches of fibers have 
been separated: the first one, free of the chemical treatment, 
was called in natura fiber (FBRN), while the second 
one, subjected to the treatment with a solution of sodium 
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hydroxide at 5% (w/v) for 1h at room temperature, was 
labeled (FBRT). These samples were washed with distilled 
water until it reached a pH of 7 and they were dried in a 
stove at 100 °C for 48 h.

2.2.2. Characterization of banana fiber
Banana fibers were characterized by analysis of chemical 

composition, TG, DSC, FTIR, XRD, SEM, density and 
mechanical properties. The TG analysis was performed 
on a Shimatzu thermal-balance, model TGA-50, between 
25 and 1000 °C at a heating rate of 10 °C/min under nitrogen 
flow. For DSC analysis it was used a Seiko equipment, 
model Exstar DSC-6220, where the samples were analyzed 
from 25 to 550 °C with a heating rate of 10 °C/min. For the 
analysis of FTIR it was used a Bomem spectrometer, model 
ABB Bomem MB Series in wavelength of 4000-400 cm–1. 
The crystallinity was analyzed on a Shimadzu X-ray 
diffractometer, model XRD-6000 with angles 2θ between 
5 and 80°. The crystallinity index was calculated by: 

( ) ( ) 002002  – a( ( )m /   100cI I I I=  χ
 


 (1)

The SEM equipment used to view the samples surface 
was a JEOL, model JSM-6610. The determination of banana 
fibers density were obtained with a helium gas pycnometer 
of MICROMERITICS®, Ultrapycnometer 1000 model. 
The tensile tests of banana fibers were performed at a Universal 
equipment test EMIC, DL2000 model, using a 50 kN load cell 
and the test speed of 3 mm.min–1. The chemical composition 
was determined by the Tappi method T-203 cm-99 and T-222.

3. Results and Discussion
The results of thermal degradation of the in natura and 

treated banana fiber are shown in Figure 1. By analyzing 
the curve of thermogravimetric FBRN and FBRT samples 
was observed the onset of thermal degradation at 250 °C 
with weight loss of 85% up to 600 °C. The DTG curves, 
Figure 1b had two distinct events. The first event is related 
the humidity and terpenes, alcohols, esters, aldehydes, 
ketones, organic acids, aliphatic hydrocarbons and phenols13. 

The second event is related to the holocellulose degradation 
(hemicellulose + cellulose). The lignin degradation event 
was not observed, because of its complex structure, which 
degrades with very low weight loss under a temperature 
range of 100-900 °C[14,15].

Through the DSC curves, represented by Figure 2, it is 
observed endothermic events attributed to the removal of 
humidity (50 to 60 °C) for FBRN and FBRT, respectively. 
Based on this analysis it was also observed exothermic peaks 
associated with the decomposition of hemicellulose and 
lignin around 275 and 365 °C, respectively. These events are 
superimposed to the endothermic decomposition of cellulose 
around 341 and 363 °C, for the treated and in natura fibers, 
respectively. Comparing the DSC curves of the FBRN with 
FBRT sample, it is possible to see the decrease of the second 
event. This behavior may be related to the partial removal 
of the impurities and some constituents of the fiber, like 
hemicelluloses and lignin.

To confirm the presence of functional groups and 
the removal of components present in banana fiber after 
the alkaline treatment, it was carried a FTIR analysis, 
illustrated in Figure 3. As all vegetable fibers, banana 
fiber is mainly composed by alkenes, esters, aromatics, 
ketenes and alcohols. The presence of the band 3400 cm–1 
is associated with the presence of the OH group, the band at 
2920 cm–1 is related to the CH group, the one at 1635 cm-1 
is due to the stretching of the C=C group of benzene ring, 
the region between 1765-1715 cm–1 refers to the functional 
group C=O, in 1058 cm–1 it is observed the band related to 
the stretching of the C-O-C group and in 1050 cm–1 occurs 
the stretching of the C-O-H group14. The most noticeable 
effect of alkaline treatment on banana fiber in FTIR spectra 
is the disappearance of the bands 1735 cm–1, regarding to the 
presence of the carbonyl (C=O), and 1247 cm–1, associated 
with the carboxylic acid (COOH). These groups are presented 
in the structure of the hemicelluloses and lignin15. Comparing 
the spectra of the treated fiber and the in natura fiber, it is 
noticed the disappearance of the bands at 1735 cm–1 with 
the alkali treatment, attributed to vibrational modes of 
C=O and C-O groups present in lignin and hemicellulose, 

Figure 1. (a) TG; (b) DTG curves of purple banana fibers in natura and treated.
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which were partially removed during the mercerization, as 
illustrated in Figure 3.

The Figure 4 illustrates the X-ray diffraction concerning 
FBRN and FBRT samples. They are similar to those reported 
in the literature for other vegetable fibers, which mainly exhibit 
a cellulosic structure15. Samples showed peaks related to the 

characteristic crystal planes of lignocellulosic materials in 
2θ=22° corresponding coordinate plane of reflection (002). 
These plans are relacioados network of glycosides celulose 
rings. In both samples was observed two halos 2θ=16° and 
2θ=35° related to the planes (101) and (040) corresponding 
to the amorphous portion in microfibriles (hemicellulose and 
lignin)15. By analyzing the crystallinity index of the samples 
(Table 1), high values were observed, probably due to the high 
content of cellulose. Comparison of crystallinity index values 
promoted the observation of an increase in this index in the 
treated fiber, so it can be inferred that the partial removal of 
some of its components (lignin and hemicellulose) increases 
the degree of crystallinity, promoting a better packing of 
cellulose chains16.

The micrographs of the surface of in natura and treated 
purple banana fibers are illustrated in Figure 5. The banana 
fibers generally have a rough surface, a common behavior 
of vegetable fibers that have high content of cellulose. 
The FBRN sample (Figure 5a) has a more irregular surface 
when compared to FBRT sample (Figure 5b). This irregularity 
may be attributed to the presence of impurities, waxes, 
hemicelluloses and lignin on its surface. The fibers that were 
subjected to mercerization process showed reduction of the 
surface layer of these impurities: waxes, that are less stable 
components, and possibly part of the lignin and hemicelluloses, 
which act as carburizing agents in vegetable fibers17. Hence, 
it implies an increase of the cellulose exposition on the fiber 
surface, making the microfibers become more exposed, 
thereby increasing the number of possible reactions18.

The density values of in natura banana fibers (FBRN) 
and treated (FBRT) are included in Table 1. Based on these 
values, it can be seen that these fibers exhibit lower values of 
densities when compared to synthetic fibers, such as carbon 
(1.88 g/cm3), glass (2.55 g/cm3) and steel (7.85 g/cm3)[19]. 
However they are similar to those of other vegetable fibers 
whose values are 1.25 g/cm3, 1.03 g/cm3, 1.35 g/cm3, 
1.45 g/cm3, 1.40 g/cm3 and 1.35 g/cm3 respectively for the 
coconut, palm, licuri, sisal and banana fiber18,20-24. The low 
density of plant fibers is interesting for industrial because of 
the possibility of producing lighter weight materials, which 
is a key property for determining technological applications 
for natural fibers6,25. For the samples of banana fiber evaluated 
in this study, there was a small increase in the density of the 
fiber after the alkali treatment. This behavior can be attributed 

Figure 2. Differential scanning calorimetry curves.

Figure 3. FTIR analysis of purple banana fibers in natura and treated.

Figure 4. XRD curves of purple banana fibers in natura and treated.

Table 1. Elasticity modulus values, maximum stress, specific 
deformation, crystallinity index, density and chemical composition 
for the purple banana fiber.

Sample FBRN FBRT
σ (MPa) 294.2 ± 210.8   375.5 ± 131.5
E (MPa) 22472.5 ± 13372.2 10378.0 ± 2637.6

ε (%) 1.42 ± 0.34   6.39 ± 1.92
Ic (%) 65 67

ρ (g/cm3)   1.22   1.26
Celullose (%) 63.05 65.24

Hemicellulose (%) 25.10 16.07
Lignin (%) 9.01 3.01
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to the presence of residual sodium and the amount of crystals 
present on the fiber surface resulting from the treatment.

The Table 1 shows the values of tensile strength, young’s 
modulus and strain for the tensile test. Based on the results 
it was found that FBRT sample is toughest than FBRN. 
The alkaline treatment gives little improvement in tensile 
strength of the treated fiber. A comparison with published 
results showed that the purple banana fiber showed higher 
tensile strength values than other species of banana (Musa 
Sapientum, Musaceae) whose tensile strength is 2339 MPa[26]. 
These different values may be associated with the type 
of species, soil and climate conditions. According to the 
literature, variation in tensile strength and Young’s modulus 
are directly related to the variation of crystallinity index. 
The more cellulose present in the fibers most crystalline 
it will be27. This behavior confirms the results of XRD, 
because the increase of the crystalline domains as seen by 
XRD contributes to better mechanical performance of the 
treated fiber. Analyzing the values of Young’s modulus, it 
was observed that the original fiber showed a higher value 
for this parameter compared to the treated fiber. This may 
be attributable to the lignin content of the fiber is greater 
in the sample that was not treated. Concentration, time 
and temperature of treatment are factors that cause intense 
defibrillation in the fibers that can contribute to decreasing 
the resistance. Specific elongation at break for the treated 
sample was higher compared to untreated. These results 
prove the partial removal of fiber constituents provides 
greater flexibility and is consistent with the SEM images.

The percentual results of holocellulose, cellulose, 
hemicellulose and lignin of the samples are summarized in 
Table 1. High cellulose content and low lignin content were 
found, which matches with light color of the fiber. Light 
fibers tend to have high cellulose content, while dark fibers 
have a high lignin content. Comparing the fiber treated with 
the fiber stock, it was observed that the amount of cellulose 
present in the fibers increased for the treated fiber and was 
also observed a decrease in the percentage of lignin and 
hemicellulose. These results confirm what was analyzed by 
the techniques of FTIR, XRD and SEM. These data confirm 
the partial removal of hemicellulose and lignin after the 
mercerization process

4. Conclusion
In this study it was observed, through thermal analysis 

of TG and DSC, events regarding to the degradation of the 
constituents of lignocellulosic materials present in banana 
fibers. The scanning electron microscopy showed that the 
alkaline treatment removed impurities of the fiber, which 
can be verified throught the analysis of FTIR, XRD and 
chemical composition, which revealed the removal of some 
of its components, such as hemicellulose and lignin. It was 
found lower density values   for banana fiber, which makes 
this material an alternative with regard to synthetic fibers, 
a low-cost option and an environmentally friendly material.
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Figure 5. Micrographs of the surface of purple banana fibers in 400x in natura (a); treated (b).
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