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Abstract: The growing demand for new 
materials has made it possible to highlight 
the use of natural lignocellulosic fibers in the 
manufacture of composite materials. These 
fibers, coming from vegetable sources, are 
characterized by the predominant presence 
of lignin and cellulose in their composition. 
The composition of these fibers provides a 
low-density characteristic compared to other 
materials, which is an extremely advantageous 
property in materials engineering. Therefore, 
in this article, a document review research was 
carried out to present some lignocellulosic 
fibers that are being researched to be applied 
as reinforcement in polymer composites. 
Focusing on the low-density characteristic, 
some fibers, their compositions and their 
main properties were presented. In this 
review article, it was possible to observe that 
fibers from curauá, elephant grass, straw and 
corn stalk have low density combined with 
good mechanical properties. Another relevant 
factor observed is that extraction methods and 
the demand for fibers are factors that limit the 
large-scale use of the fibers presented here.
Keywords: curauá, elephant grass, corn straw, 
corn stalk

INTRODUCTION
The growing demand for sustainable 

materials has intensified interest in natural 
fibers and their application in polymer 
composites. Among natural fibers, which 
are derived from renewable sources, 
fibers extracted from plants, also called 
lignocellulosic fibers, have gained prominence 
[1,2].

The properties of natural fibers, which are 
incorporated into the polymer matrix, play a 
crucial role in the effectiveness of composites, 
as the increase in mechanical strength, 
tenacity and flexibility directly influences the 
performance of the final composite [3].

Lignocellulosic fibers generally have a low 
density when compared to other materials, 
resulting in low-density composites, which 
in turn stand out for their ability to combine 
mechanical resistance and durability with a 
reduced mass. This characteristic makes them 
attractive in applications that require resistant 
but also light materials [4,5].

For a natural fiber to be effectively used 
as reinforcement in composites, some 
requirements must be considered before its 
use. One of the first crucial requirements is 
the mechanical resistance of the natural fiber. 
To give the composite desirable structural 
properties, the fiber must have a strength 
capable of withstanding significant loads 
[6,7]. Furthermore, the elastic modulus of the 
fiber needs to be compatible with the matrix 
material, ensuring a uniform distribution of 
loads and avoiding discontinuities that are 
harmful to the integrity of the composite [8,9].

Certainly, one of the most important 
characteristics is that the fiber must have 
low density to preserve the lightness 
characteristics of the final material, expanding 
its applicability in sectors that require weight 
reduction, providing attractive specific 
properties [10,11].

NEW LOW-DENSITY NATURAL 
FIBERS
The definition of these fibers lies in 

the complexity of their lignocellulosic 
composition that guarantees the fibers a low-
density characteristic when compared to other 
fibers [12,13]. Lignin, providing strength and 
stability, intertwines with cellulose, which, in 
turn, offers tenacity and lightness.

This combination provides unique properties 
that highlight them as versatile materials in 
materials engineering [11,14]. In this context, 
fibers from curauá, elephant grass, corn stalk 
and corn straw are gaining prominence in 
research into composites.
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Figure 1: a) curauá [15], b) curauá fiber [16], c) corn straw, d) corn straw fibers [17], e) elephant grass [18], 
f) elephant grass fiber [19], g) corn stalk [20], h) corn stalk fibers [21]

The chemical composition of the fibers is 
directly responsible for guaranteeing their 
physical and mechanical properties, therefore 
the chemical compositions of curauá fibers, 
corn straw, corn stalk and elephant grass are 
presented in Table 1.

Composition 
of fibers

Curauá 
(%)

Corn 
Straw 

(%)

Corn 
Stalk 
(%)

Elephant 
Grass 

(%)
Cellulose 73,60 46,15 35,00 29,90

Lignin 7,50 3,92 35,00 21,10
Hemicellulose 9,90 33,79 25,00 20,20

Pectin - - - -
Wax - - - -

Moisture - - - -
Ashes 7,20

Table 1: Composition of natural fibers 
[4,22,23,24]

PHYSICAL AND MECHANICAL 
PROPERTIES OF NATURAL 
FIBERS
The choice of a natural fiber for a specific 

application is influenced by its physical and 
mechanical properties. Understanding these 
properties is crucial to determining the best 
choice.

DIAMETER
Fiber diameter is a parameter that can vary 

greatly depending on the type of natural fiber 
and can affect several mechanical and physical 
properties, including strength, flexibility, 
water absorption and density. Furthermore, 
a larger cross-sectional area also allows for a 
greater occurrence of defects in the fiber [25].

In general terms, fibers with smaller 
diameters tend to have greater flexibility 
and resistance, on the other hand, fibers 
with larger diameters are more rigid and less 
resistant. It is also possible to say that there 
is a relationship between the diameter of the 
fibers and their density [26].

DENSITY
Density is one of the important mechanical 

properties of natural fibers. It refers to the 
mass per unit volume of the fiber and is 
normally expressed in grams per cubic 
centimeter. Density is influenced by several 
factors, including the chemical composition 
of the fiber, the degree of maturation, the 
processing method and the presence of 
impurities [27,28].

In general, natural fibers have relatively 
low densities compared to other synthetic 
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materials. This characteristic is important 
because density directly affects other 
mechanical properties of fibers, such as 
specific strength and specific stiffness [28].

TENSILE STRENGTH OF FIBERS
Tensile strength is an important mechanical 

property of natural fibers that measures the 
fiber’s ability to withstand tension before 
breaking. This property is directly related to 
the fiber’s ability to withstand loads or tensile 
forces along its length [6,7].

Tensile strength is influenced by several 
factors, such as the internal structure of the 
fiber, its chemical composition, density, 
humidity, as well as the conditions under 
which the fiber is processed and treated [29]. 

YOUNG’S MODULUS
Young’s modulus is an important 

mechanical property for describing the elastic 
behavior of materials, including natural fibers. 
This property is a measure of the stiffness of 
the material and represents the relationship 
between the applied stress and the resulting 
elastic deformation [30,31]. For natural fibers, 
Young’s modulus varies widely depending on 
their chemical composition, structure and 
processing method [8,9].

The properties of curauá fibers, corn straw, 
corn stalk and elephant grass are presented in 
Table 2.

Properties
Natural fibers

Curauá Corn 
straw

Corn 
stalk

Elephant 
grass

Diameter (µm) 50 - 230 133 - 70 – 400
Medium density 

(g/cm3)
0,57 - 
1,34 0,34 0,30 0,81

Tensile Strength 
(MPa)

117 – 
3000

160,49 
± 

17,12

33,4 – 
34,8 185

Young’s Modulus 
(MPa)

11,5 – 
87,23

4,57 ± 
0,54

4,10 – 
4,50 7,40

Table 2: Properties of natural fibers [17,22,24,3
2,33,34,35,36,37,38,39]

METHODS FOR EXTRACTING 
NATURAL FIBERS
The extraction of fibers from plant sources 

to reinforce polymer matrices is a crucial 
step. This step requires the careful choice 
of extraction methods that preserve the 
properties of the fibers.

CURAUÁ
The process begins with the strategic 

harvesting of mature curauá leaves. Generally, 
the leaves are harvested by hand to avoid 
damaging the fibers. The leaves are cleaned 
and ground to break down the bark and 
binders. Then, the fibers are washed, subjected 
to impact and immersed in water to remain 
hydrated and prevent them from breaking 
easily. In order to obtain cleaner fibers, it is 
recommended to repeat these steps several 
times. To reduce the time spent in these 
steps, it is possible to first wash the fibers in 
a chemical mercerization process. Manual 
shredding requires precision to ensure fibers 
are preserved in their ideal shape and length. 

The extracted fibers go through a cleaning 
process to remove any remaining impurities. 
Drying in the sun is essential to prevent fiber 
decomposition and fungal growth [40,41,42].

CORN STALK
The process begins with harvesting the 

corn, followed by carefully separating the 
stalk from the cobs and leaves. The culms are 
cut to the desired size and shape. The pieces 
of culm are then dried in an oven or exposed 
to the sun for 2 or 3 days. Later, after drying, 
the outer husk of the dried stalks is removed, 
resulting in the desired corn stalk fibers. After 
extraction, the fibers are carefully cleaned to 
remove impurities and then classified based 
on criteria such as length and thickness 
[43,44].
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CORN STRAW
The first step involves carefully harvesting 

the corn stover. After harvesting, the straw is 
separated from the corn cobs. Then, the straw 
is cut into thin segments, facilitating the next 
steps of the process. The straw pieces are then 
subjected to an alkalization process followed 
by an enzymatic treatment. Proper drying is 
crucial to prevent mold development and to 
ensure fibers do not have excess moisture, 
which could compromise their quality and 
durability. After extraction, the fibers are 
carefully cleaned to remove impurities [44,45].

ELEPHANT GRASS
The extraction of elephant grass fibers 

begins with the harvesting of the elephant 
grass. The upper and lower parts of the grass 
are removed to obtain the finest and best 
quality fibers, also removing the leaves. In 
the second stage, the culms are cut, removing 
the knots and drying in the weather without 
direct sun exposure for at least a week. 

Next, the culms are cut lengthwise along 
their length and immersed in water for up to 
10 days, making the fibers more malleable and 
easier to separate. This step can be replaced by 
a chemical extraction process using NaOH. A 
mechanical extraction process is then used, 
applying impact and scraping, obtaining the 
elephant grass fibers. The extracted fibers are 
then cleaned, dried and stored [35,46].

CONCLUSION
It was possible to observe that low-density 

natural fibers, including curauá, elephant 
grass, corn stalk and corn straw, have 
promising characteristics and properties for 
materials engineering. The diversity of these 
fibers offers a wealth of options in creating low-
density composites, aligning with demands 
for lightweight and resilient materials.

Curauá, with its resistance and versatility, 
stands out as a valuable option, while 
elephant grass, with its abundance and 
relevant mechanical properties, proves to 
be a sustainable alternative. The inclusion 
of corn stalks and corn straw highlights not 
only the effectiveness of these fibers, but also 
the importance of fully utilizing agricultural 
resources.

The sustainable approach in the extraction 
and application of these fibers not only reduces 
dependence on non-renewable materials, but 
also contributes to mitigating environmental 
impact. Furthermore, the low density of these 
fibers results in lightweight composites with 
good resistance.

The fiber extraction processes are 
basically manual, which results in low 
production efficiency and a final value that 
is not competitive. Constant improvement in 
extraction and processing methods for these 
natural fibers is essential to further boost their 
acceptance and application on an industrial 
scale.
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