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Abstract
Vegetable fibers are excellent substitutes for manmade fibers because they are resistant and sustentables.  
This article studied the potencial application of Carica Papaya Fibers (CPF) in polymerics composites of  
natural resin. A simple model of micromechanical analysis was used for prediction of breaking stress, strain 
and Young’s modulus in composites with short fibers of Carica Papaya and matrix of polyurethane resin  
obtained from Ricinus Communis vegetable. The fiber contents were varied between 10–35% and fiber lengths 
were varied between 3–6%. The result analysis was performed using analysis of variance (ANOVA) to assess 
the influence of variables on the mechanical properties of each composite produced. The results showed that 
that increased in fiber length promoted increase in stress values, while the increase in fiber content favored the 
increased in the stiffness of the composite.
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1 Introduction

Textile fibers are a basic unit, natural or manmade, 
which has a length at least a hundred times longer 
than its diameter. The presence of polymers with  
different structures in their composition results in a wide  
range of chemical, physical and biological properties 
[1], [2]. There is a range of fiber properties including 
strength, flexibility, cohesion, fineness, resilience,  
uniformity, porosity and commercial availability [2]. 
In this case, each property depends on a number of 
factors such as the type of polymer (thermoplastic or 
thermorigid), composition and classification (natural 

or manmade). Natural fibers are those found in nature 
while manmade ones are produced and modified by 
man [2]–[5]. Figure 1 shows the classification of fibers 
according to their origin.
 Natural fibers have vegetable, animal or mineral 
origin. The natural fibers with vegetable origin are 
compound by cellulose and lignin. It can be extracted 
from various parts of plants such as seeds (for example, 
cotton and kapok), bast (for example, flax, jute, hemp, 
kenaf and cane) and leaves (for example, pineapple, 
banana). These fibers can be from cultivated plants for 
extraction like cotton, flax, hemp and kenaf fiber or be 
a vegetable by-product like coconut, cane, banana and 
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pineapple fiber [6]–[9]. Lignocellulose biomass can 
produces Platform chemicals used in the current market  
[10]. On than hand, fibers in general have entered in 
several industrial applications and it’s being called 
technical textiles. Despite the challenge of meeting 
the final product specifications applied to industrial 
products, technical textiles are growing and developing 
quickly in the textile industry. Thus, textiles materials 
are replacing traditional materials in various sectors of 
economy such as reinforcements in composite material,  
with the aim of improving mechanical properties and 
resistance to exposure to extreme environments [11].
 However, the concern over the growing use of 
non-renewable raw materials is increasing the interest  
in a new material concept that takes into account 
environmental issues such as biodegradability,  
renewability and environmental impact [12]. The 
increase in environmental awareness also tends to  
decrease the oil supply. However, it is known natural 
fibers can take technical applications due to its excellent  
properties, such as light weight and relatively low costs 
[13]. Vegetable fibers can replace chemical fibers, as 
they supply the expected needs, being used in several 
scientific and commercial projects in the application 
in geotextiles, automobiles and composites, being  
important in the sustainable and ecofriendly future 
[14]–[18].
 As already mentioned, vegetable fibers have the 
possibility to enter the polymeric composites market. 
However, not all fibers have been frequently investigated  
in this area, such as the case of the carica papaya  
fibers (CPF). However, many studies describe CPF 
fiber performing its characterization [9], [19]–[21].
 CPF is fiber extracted from bast in a region 
between the epidermis and the cortex of the plant [9]. 
As sisal is a fiber with potential for use in polymeric 
composites [22]–[24], CPF can also have potential for 
use in polymeric composites with natural resin.
 This light fiber has density between 0.62–1.19 g/cm3  

depending on the region of the bast where it was 
extracted and also depending on the chosen method 
that can be by microbiological or retting action and 
by physical action as described in work of [9]. This 
lightness is due to the presence of numerous pores in 
its cross section which is inherent to the fiber and does 
not depend directly on the extraction method used [9]. 
Figure 2 shows the pores present in the cross section 
of papaya fibers by physical extraction. The physical 
extraction process is based on the use of pressure and 
temperature that dissolve non-fibrous compounds, 
facilitating the extraction of fibers from the papaya 
tree [9]. This figure was made using passing the fibers 
through the hole of a perforated steel plate. Then the 
fibers were cut and subjected to optical micrograph 
analysis, using the Leica analysis microscope.
 Natural fibers can be used in combination with 
resins which can result in a low-cost composite, with 
low density and high specific properties [3]. 
 The polyurethane used in this study is a material 
derived from the Ricinus communis oil, a species of 
shrub. From this vegetable it is possible to produce a 
series of substances that include a polyurethane resin. 
Due to its biocompatibility, this resin is investigated 
in the production of biocomposites [25], [26].

2 Materials and Methods 

Initially, CPF were extracted by the physical method 
performed by [9] as shown in Figure 3.
 Then, a stress/strain test was performed on these 
fibers using the ASTM D 3822 standard, as used by [9]. 
The methodology applied in this work was the same 
used by [27] in which a micromechanical analysis of 
the composites was performed. This step was crucial 

Figure 1: Classification of fibers.

Figure 2: Pores of CPF’s.
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because data were manipulated using the design of 
experiment (DoE), analysis of variance (ANOVA) 
and response surface methodology (RSM) and the 
response properties (stress, strain and MOE) were 
evaluated, analyzed and deeply discussed by analysis 
of variance (ANOVA) in which includes the coefficient  
of determination R², F-value and significance probability  
(value-ρ) in addition to the 3D response surface  
methodology (RSM) on the Design Expert software 
for statistical validation of the study. The combination  
of analysis of variance (ANOVA) and micromechanical  
analysis was used to analyze and validate the mechanical  
properties, as used by [22], [23]. The study variables 
were fiber content, critical length and fiber length, as 
shown in Tables 1 and 2. All the experimental planning  
was performed using a factorial design (2³) of  
variables with 5 central points and 3 repetitions on 
the Design Expert version 12 software as shown in  
Table 1 [28], [29].

Table 1: Factorial Planning (2³) of variables (factors)

Run A – Fiber 
Content

B – Fiber 
Length

C – Critical 
Length

1 1 –1 –1
2 0 0 0
3 0 0 0
4 0 0 0
5 1 1 1
6 1 1 –1
7 –1 –1 1
8 1 –1 –1
9 1 –1 –1
10 1 –1 1
11 0 0 0
12 –1 –1 –1

Run A – Fiber 
Content

B – Fiber 
Length

C – Critical 
Length

13 –1 –1 –1
14 –1 1 –1
15 –1 1 –1
16 1 1 –1
17 –1 –1 1
18 0 0 0
19 –1 1 1
20 –1 –1 –1
21 1 1 1
22 1 1 1
23 1 1 –1
24 1 –1 1
25 –1 –1 1
26 –1 1 1
27 –1 1 1
28 1 –1 1
29 –1 1 –1

 The variables and conditions of the study are 
described in Table 2.

Table 2: Variables and experimentals conditions
Variables Type Low High

A – Fiber content Numeric 10 35
B – Fiber length Numeric 3 6
C – Critical length Numeric 5 10

 The power of design of this study is important 
to analyze, before carrying out the experimental 
planning, because it provides the power of responses 
(stress, strain and MOE) for the variables fiber  
content, critical length and fiber length. Therefore, 
the ideal is to obtain percentages of power response 
over than 80% to acquire significant efficiency in 
the statistical analysis of the variables and their  
respective experimental conditions. Table 3 shows 
the power of design [30].

Table 3: Power of design response studied

Units Delta 
(Signal)

Sigma 
(Noise)

Signal/
Noise

Power of A, 
B and C

Stress MPa 2 1 2
99.7%Strain % 2 1 2

MOE MPa 2 1 2

Figure 3: Carica Papaya Fibers (CPF).

Table 1: (Continued) Factorial Planning (2³) of variables  
(factors)



C. Santos et al., “Statistical Study of the Influence of Fiber Content, Fiber Length and Critical Length in the Mechanical Behavior of 
Polymeric Composites Reinforced with Carica Papaya Fibers (CPFs).”

722 Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 719–726, 2021

3 Results and Discussion

Figure 4 shows the results of stress of CPF composite  
for the critical length (Lc) of 5, 7.5 and 10. It is  
evident that the fiber content negatively influences the  
stress results of the composite. Thus, by increasing 
fiber content from 10% to 35% [Figure 4(a) and (b)], 
stress decreases significantly for any fiber length, 
which can be less than 29%. This value can be less 
than 29% [Figure 4(c) and (d)], and can be up to  
approximately 31% [Figure 4(e) and (f)]. On the other 
hand, when fiber length increases, the result of stress 
suffers a positive variation, increasing its value for any 
fiber content, which can be more than 9.1% [Figure 4(a)  
and (b)], up to approximately 4.2%, [Figure 4(c) 
and (d)] and which can be up to approximately 5%  
[Figure 4(e) and (f)]. From what has been observed, 
it is evident that for any critical length (5, 7.5 or 10), 
fiber content has a negative influence on stress, varying 
from 29 to 31% while fiber length influences positively 
in the stress, which can vary from 4.2 to 9.1%. Thus, 
to Lc = 5 composite was the composite that most 
influenced positively in relation to fiber length (9% 
increase in stress value). The Lc = 10 composite was 
the composite that most negatively influenced the fiber 
content (31% decrease in stress value). The content 
of natural fibers strongly influences the mechanical 
properties of polymeric composites and can increase or 
decrease the mechanical strength. When fiber content 
is high and the amount of resin is low, the fibers may 
not be fully saturated due to insufficient filling of the 
polymer amount [31]. On the other hand, when fiber 
content is in the appropriate amount, the mechanical 
strength of the composite increases, as noted by [32]. 
Therefore, it is important to observe the maximum and 
minimum values required for fiber content to increase 
the mechanical strength of composite. For fiber length, 
the effects on the mechanical properties of short fiber  
reinforced composites generally increase the mechanical  
strength with the increase in fiber length [33], [34], 
confirming what was observed in this work for the 
stress results.
 Figure 5 shows the results of strain of CPF composite  
for the critical length (Lc) of 5, 7.5 and 10. For Lc = 5  
Figure 5(a) and (b)] the increase in fiber length decreases  
strain by 1.38% and the increase in fiber content  
increases strain by 2.7%. For Lc = 7.5 [Figure 5(c)  
and (d)], the increase fiber lenght increases strain by 

5.94% and the increase in fiber content decreases 
strain by 2.25%. For Lc = 10 [Figure 5(d) and (e)], the 
increase in fiber length increases strain by 12% and 
the increase in fiber content decreases strain by 6.6%. 
For any critical length (Lc) and fiber length, strain is 
increased by increasing fiber content. For any fiber 
content, strain is decreased by increasing the fiber 
length. In other words, the increase in fiber length 
tends to decrease strain, while fiber content tends to 
increase strain.
 Figure 6 shows the results of MOE of the CPF 
composite for the critical length (Lc) of 5, 7.5 and 
10. For Lc of 5 [Figure 6(a) and (b)], it is evident that 
when fiber length increases, MOE also increases by  
approximately 12.19%.  For Lc of 7.5, [Figure 6(c) and 
(d)], when fiber length increases to any fiber content  
value, MOE decreases by 4.4%, approximately. For  

Figure 4: Stress for all the Critical lengths.
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Lc = 10 [Figure 6(d) and (e)], the MOE decreases when 
the fiber content increases.
 On the other hand, when fiber content increases, 
MOE decreases for any critical length (Lc) value can 
be up to approximately 30.37%. It is concluded that, 
for the critical length of 10, the highest MOE is found 
in the shortest fiber length with the lowest fiber content 
in this composite [30].
 The F-value model of stress (34.68), strain (2.97) 
and MOE (13.34) implies the model is significant. 
There are only 0.01%, 2.65% 0.01% (stress, strain and 
MOE, respectively) chance that a F-value larger as this 
could occur due to noise. Further, ρ-values less than 
0.0500 indicates the model terms are significant. In this 
case A, B were significant model terms for stress, in 
the case of strain property B, C, BC were significant, 
as well as, for MOE property A, BC were significant 

model terms as shown in Table 4. However, for each  
response studied using Design of Experiments (DoE) 
it is noticed that the studied properties are able to 
describe the mechanical behavior of the studied  
reinforcement with CPF composites. Thus, the average 
obtained from stress (56.03 ± 3.08 MPa), strain (2.32 
± 0.19%) and MOE (25.47 ± 2.34%) were significant 
standard deviations due to the low dispersion of the 
data. Then, the coefficient of variation (CV%), stress 
(5.49%), strain (7.93%) and MOE (9.19%) of this  
statistical model is significant. Finally, from the  
variables studied (A- fiber content, B- fiber length and 
C- critical length) and the interactions (AB, AC, BC 
and ABC), it was possible to evaluate the mechanical  
behavior and mechanical improvement of the composites  
manufactured with carica papaya fibers. All the  
response variables studied showed good correlation 

Figure 5: Strain for all the Critical lengths.
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Figure 6: MOE for all the Critical lengths.
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coefficient (R²) between the experimental data and the 
statistical model used [35], [36]. 

4 Conclusions 

Natural fiber composites are one of the many types 
of textile composite more studied for researchers. 
Then, on the statistical study of carica papaya fiber 
composites was concluded that the increase in fiber 
content, for stress results, in any Critical Lenght, 
promoted a significant reduction in stress values. On 
the other hand, the increase in fiber lenght promoted 
a significant increase in stress, mainly for Lc = 5. It 
was observed also that the mechanical behavior of 
strain is significantly influenced by the values of Lc 
(5, 7.5 and 10). For Lc = 7.5 and Lc = 10, the increase 
in fiber content favored the decrease in the strain of 
the samples. When evaluating the fiber length and the 
Lc, it was observed that these variables favor increase 
and improve the mechanical behavior (strain) in a 
directly proportional way. Significantly higher values 
were obtained for the results of the MOE in samples 
with Lc = 5, with greater fiber lenght (6 mm) and less 
fiber content (10%). Significantly lower MOE results 
were obtained for the other samples (Lc = 7.5 and 
Lc = 10), where it was observed that the increase in 
fiber content and fiber lenght results in lower values  
of MOE. Thus, for any value of Lc, the MOE is  
significantly reduced when the fiber content and fiber 
lenght values increase.
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