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Abstract: In this research, the effect of the addition of coconut fibers coated with hydrophobic
substances as reinforcement material in mortars was evaluated. Fibers of different sizes (1, 2 and 5
cm) were pretreated with linseed oil and paraffin wax, for the purpose of obtain a cement ratio of 0.5
% and 1 % by weight. The chemical resistance of the fibers were evaluated before and after being
exposed to a concentrated solution of Ca(OH)2 in order to simulate the alkaline environment of the
cement. The techniques wused were Thermogravimetric Analysis (TGA), Derivative
Thermogravimetry (DTG) and Fourier Transform Infrared Spectrometry (FTIR). The mechanical
strength of the fiber-reinforced mortars was evaluated by compression and flexural tests. The effect
of fiber degradation on mechanical behavior was evaluated at 7, 21 and 28 days after processing. The
results showed that the highest compressive and flexural strength were obtained with the composites
reinforced with coconut fiber of volume 0.5%, length of 1 cm and paraffin wax as impregnation
substance.
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1. Introduction

Disposal of agricultural residues is an environmental problem in many countries. Incorporating
these residues into cementitious products is a practice that has been commonly used to solve these
environmental problems. One of the most commonly used agricultural waste by-products are natural
fibers, including coconut, banana, sugarcane, jute, sisal, corn and other fibers. The purpose of
incorporating these fibers into the cementitious material is to improve the ductility, toughness,
flexibility and fracture resistance of the resulting material, among other benefits [1,2]. In addition,
they are readily available, economical, low density, biodegradable, non-toxic, energy efficient and
environmentally friendly [1,3]. Coconut fiber (CF), extracted from discarded coconut shells, has a
unique orientation of cellulose and hemicellulose, and this, combined with a lower concentration of
these components compared to other plant fibers, reduces water absorption and minimizes bulk.
disruption of the cementitious matrix [4]. However, assessing the durability of these fibers is
important, as natural materials tend to be biodegradable. For example, natural fibers with high
cellulose content (e.g. bamboo, kraft pulp and cotton wool) tend to exhibit poor durability in highly
alkaline environments. In the case of conventional concrete, which has an alkaline matrix with an
initial pH typically around 12 to 14, the use of such fibers can be problematic. Compared to other
natural fibers, coconut fiber has a low decomposition rate, which is explained by its high lignin
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content. However, despite its higher lignin content and lower cellulose content, some research has
shown that coconut fiber is sensitive to alkalis and may also have some sensitivity to drying shrinkage
or volumetric changes due to alternating wetting and drying [5]. For this reason, in recent years,
efforts have been made to improve the quality of this type of composite material. The alkaline
environment generated by the calcium hydroxide Ca (OH)2 and the presence of calcium ions, which
react with the cellulose breaking the polymeric chains, causes a significant reduction in the strength
of the composite material. Additionally, the volumetric changes of the fibers on the matrix and the
predisposition to microorganism attack in humid environments must also be taken into account [6,7].
To reduce deterioration and increase the durability of cement mortars reinforced with vegetable
fibers, it is necessary to modify the composition of the matrix in order to limit the effect of alkaline
compounds that cause cellulose to reduce its reinforcing capacity. This can be achieved by proper
control of the dosage of raw materials through a mix design, which allows obtaining a performance
similar to that of mortars prepared with Portland cement. The second option is to modify the surface
of the fibers by using hydrophobic substances to coat them, protecting them from the alkaline
environment to which they would be exposed and reducing the amount of water that can be absorbed
by the fiber, which will provide stability in the cement matrix [8]. In this work, structural mortars
reinforced with coconut fiber were developed to determine the influence of the protective substance,
the length and weight percentage of the fiber on the mechanical properties of the reinforced mortar.

2. Materials and Methods

2.1. Elaboration of the Mortar

The mortar under study was designed using the methodology proposed by Sanchez [9], which
made it possible to define the respective proportions of cement, water and fine aggregate, obtaining
a mortar with a plastic consistency of 110%. The cement used is Argos Portland type I (14.81 kg), with
a specific weight of 3.12 g/cm? and 98% fineness. The sand (56.88 kg) used is cubic and rough textured
with a fineness modulus of 2.25, dry bulk density of 2.54 g/cm? nominal density of 2.62 g/cm?, water
absorption percentage of 1.21 and a particle size d80 of 0.088 cm. The quantities used in the mixture
are as follows: Coir fiber (0.5%) 0.074 kg; Coir fiber (1%) 0.1481 kg; water 10.96kg and Water/Cement
(A/C) ratio of 0.74. Table 1 shows the design of experiments applied in this study. As response
variables, the effect of the hydrophobic substance on the fibers, fiber length and fiber ratio on the
compressive and flexural strength will be evaluated. Table 1 summarizes the design of experiments
used in this research, whose response variable is the compressive and flexural strength, with the
following possible factors influencing the mechanical properties: protective substance, fiber length
and percentage by weight.

Table 1. Design of experiments implemented in this study.

) Protective Length Percentage Number of
Fiber type . .
substance (cm) by weight specimens
0,5 12
1
1 12
0,5 12
2 1 12
Linseed Oil
0,5 12
5
1 12
0,5 12
1
1 12
Coconut fiber ) 0,5 12
Paraffin wax 1 12

5 0,5 12
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Control mortar 6
Total 150

2.2. Fiber Preparation and Conditioning of the Fibers

Figure 1 summarizes the methodology for the preparation and conditioning of the fibers.
Paraffin wax and linseed oil were used as protective hydrophobic substances, since they do not
deteriorate the mortar and are economical.

The fibers were collected in

Compilation of T )
*| the municipality of Arjona

naturals fibers

Bolivar
l | ] |
I Dried of the fibers I | Weighed of the fibers I I Cutting of the fibers I I Protection of the fibers I
After extracted, the Having the dry The fibers were The fibers once selected,
fibers were submerged fibers, the cutinto lengths of cut and weighed were
in water for 24 hours. required amount 1,2and 5 cm. immersed for 24 hours
Then, they were was weighed inlinseed oil and liquid
removed and leftin the paraffin
sun for 3 days. l
Subsequently, they were
taken out and left to dry
for 24 hours at room
temperature

Figure 1. Methodology for fiber preparation.

2.3. Physicochemical Characterization of Fibers

Archimedes' principle was used to determine the density (o) of the coconut fiber Equation 1.
_ Fiberweight

AV M

P

AV: Volume of liquid displaced.

The resistance of the fibers to alkaline environments was evaluated by analyzing the weight loss
of the fibers after contact with a IN Ca (OH)2 1N solution at 20°C for 7, 21 and 28 days. For this
purpose, 0.2 g of each fiber sample (W1) was introduced in 100 ml of solution. After this, the fibers
were dried at a temperature of 105°C until constant weight (W2). The percentage of chemical
resistance (Pcr) was determined according to equation 2 [14].

100 * wy —w,

W1 @)

cr

Characterization of the fibers coated with the hydrophobic substances such as linseed oil and
paraffin wax were performed using a LEICA MC 120 HD 25 X/9.5 stereomicroscope at a
magnification of 160X and resolution of 1050 lp / mm, (0.95 um). Additionally, the fibers were
characterized using the Fourier transform infrared spectroscopy (FTIR) technique in the range of 400
- 4000 cm-1 in a Shimadzu IRAffinity- 1 FTIR and thermal degradation was evaluated by
thermogravimetric analysis (TGA) using a Thermogravimetric Analyzer model HI-Res Modulated
TGA 2950 using an inert nitrogen atmosphere with a flow rate of 50 ml/min at a constant heating rate
of 10 °C/min from 25°C and 750°C.
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2.4. Mechanical Characterization

The mechanical behavior of the coconut fiber reinforced mortars was evaluated by means of
compression tests according to NTC 673 [10] using cylindrical specimens of 5.08 cm x 10.16 cm [12]
and bending tests according to INV.E-324-07 [13] using rectangular specimens with dimensions of 4
x 4 x 16 cm at a spindle speed of 10 mm/min in a YUEKE universal machine. The specimens were
manufactured in duplicate and tested at 7, 21 and 28 days.

3. Results and Discussion
3.1. Physicochemical Characterization of Fibers

3.1.1. Chemical Resistance

The main problem with the use of natural fibers in cementitious matrices is fundamentally
associated with their durability, since the alkalinity of the matrix and the instability of the fiber cause
a loss of strength of the composite material in the long term. This is mainly due to the fact that cement-
based compounds are characterized by being alkaline, that is, by having a high pH. Some authors
comment that the alkalinity of the water present in the pores of the matrix deteriorates the natural
fiber to such a high degree that it even reaches the point of completely nullifying its action as a
reinforcement material [14]. The deterioration process of natural fibers takes place when the
composite is subjected to dry-wet cycles, mainly due to the environmental conditions to which they
are exposed, such as variations in relative humidity and natural ageing in outdoor environments [15].

The first dry cycle in a natural fiber-reinforced matrix occurs when the cross-section of the fibers
decreases as a result of water loss. This causes a lack of adhesion between the fiber-matrix, and it is
here that empty spaces or gaps begin to appear in the interface [14]. In the first wet cycle, cement
hydration products such as calcium hydroxide dissolve in the water, forming a solution that is
absorbed by the fibers. During the second dry cycle, the water in the compound and the water
contained in the fiber evaporate, respectively, so the solution moves towards the fibers, causing
calcium hydroxide to be deposited on the surface and the lumen or inner part of the fiber, causing
mineralization of the fibers. These cycles are repeated continuously, bombarding the fibers with
calcium hydroxide, which causes them to densify with highly alkaline products and consequently
decreases their mechanical strength. In this way, when the fiber is immersed in an alkaline solution,
the hydroxyl ions are incorporated into the cellulose, forming an isosacchagrinic acid, while when
the cellulose is dried, it returns to its original state; however, calcium ions (Ca2+) bind to the ends of
the acidic compound and break the cellulose chains when the fibers dry out [14,15]. Figure 2 (paraffin-
protected) and Figure 3 (flaxseed-protected) show the surface behavior of coconut fiber after being
immersed in a Ca (OH)2 solution for 0, 7, 21, and 28 days.
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Figure 2. Surface behavior of paraffin-protected coconut fiber during the immersion process in Ca (OH)2 for a)
0 days, b) 7 days, c) 21 days and d) 28 days.

Figures 2a and 3a show the surface characteristics of the coconut fibers before contact with
Ca(OH)2, which were protected with hydrophobic agents such as paraffin wax and linseed oil,
respectively. A good protection of the fibers is noted, which guarantees a good performance of the
reinforced mortar. Figure 2b shows the condition of the fiber once the 7 days submerged in Ca (OH)2
have elapsed, the presence of calcium hydroxide (small white areas) can be seen in the small pores of
the fiber, these places were exposed to the alkaline environment of the solution, presenting weight
loss and obtaining a percentage of chemical resistance of 67.66 %. After 21 days (Figure 2c), greater
degradation is observed compared to what was observed after 7 days, it is noted that the small fibers
are mostly coated with calcium hydroxide. The chemical resistance obtained in this case was 60.97%.
However, after 28 days it can be noticed that the white areas are sparse, this is because the
impregnating substance coated most of the surface of the fiber, preventing the alkaline medium of
the solution from completely degrading the fiber. The presence of precipitated Ca (OH)2 crystals on
the surface is noted. The percentage of chemical resistance for this sample was 82,68 %. As for the
coconut fibers coated with linseed oil (Figure 3), the surface condition of the fiber can be seen after 7
days of immersion in Ca (OH)2 (Figure 3b), where it is observed that the degradation is little, since
the presence of white regions is lower, so it could be said that the linseed oil waterproofed a large
part of the surface of the strands of the coconut fibers, preventing weight loss.
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Figure 3. Surface behavior of coconut fiber protected with linseed oil during the immersion process in Ca (OH)2
for a) 0 days, b) 7 days, c) 21 days, and d) 28 days.

This result can be seen in the chemical resistance of the fiber, which was 84.48%. After 21 days
(Figure 3c), it isnoted that some regions remain exposed to the alkaline medium of the solution where
the concentration of Ca (OH)2 on the surface of the fiber increases. It should be noted that a few areas
were degraded by the solution, obtaining a chemical resistance of 82.97%. However, after 28 days of
immersion in the calcium hydroxide solution, it is observed that the fiber has degraded. Most of the
fiber is coated by calcium hydroxide crystals, presenting a considerable weight loss and degradation
of the fiber. The percentage of chemical resistance was 31.87%. In conclusion, after 28 days of
immersion in Ca (OH)2, paraffin wax showed the best protection to the coconut fibers due to the
better interaction between their molecular structures since they present similarities in the
composition of their chains (long chains). The molecular chains of coconut fibers are of the glucose
type while those of paraffin wax are of the hydrocarbon type [16].

3.1.2. Fourier Transform Infrared Spectroscopy (FT-IR).

Figure 4 shows the infrared spectra for coated and uncoated coconut fiber. Figure 4a identified
an absorption peak at 3407 cm-1 representing an axial deformation of the OH (hydroxyl) bond, and
was assigned to polysaccharides such as cellulose, lignin and hemicellulose, essential components of
fiber [17,18]. The peak at 2932 cm-1 indicates the presence of scattered wax in the coconut fibers,
attributable to C=C stretching [19]. In addition, the peaks of O-H stretching associated with carboxylic
acid (2357 cm-1), the peak belonging to the RNH"R groups of secondary amines (1657 cm-) [20,21],
and the peak present at 1080 cm-1 are attributed to the stretching of the C-O-C group present in
cellulose [19].
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Figure 4. FT-IR spectrum of coir a) Uncoated, b) coated with paraffin, and c) coated with linseed dipped in Ca
(OH)2.

Figure 4b shows the behavior of the infrared spectra of coconut fibers coated with kerosene and
immersed in Ca (OH)2 for 7, 21 and 28 days. The presence of different peaks associated with lignin
phenols and hydroxyls of cellulose and hemicellulose (peak 1) is noted [22]. Peaks associated with
the symmetric elongation of C-H bonds (peak 2) [23], the asymmetric CH2 strain of cellulose (2850
cm-1) corresponding to CH2-CO are also observed. Peak 4 shows a series of intense and sharp bands
representing the bending of all active methylene and peaks belonging to the stretching of the nitro
group - CNO2 (878 cm-1). Similarly, the presence of fluoroalkanes (peak 5) is noted, which is
attributed to the use of paraffin wax as a hydrophobic substance and which is made up of a series of
hydrocarbons and elements such as F, Cl, Br, among others. Peaks associated with the balance of the
-(CH2)n group, are present when n >4 (718 cm). The peak representing carbon dioxide (O=C=0)
(2356 cm!) was only found in samples taken at 21 and 28 days [20,21,24-26].

Figure 4c shows the infrared spectra of coconut fiber coated with linseed oil after being
immersed in Ca (CO)2 for 7, 21 and 28 days. Peak 1 represents the vibrations of the O-H bonds proper
to the phenols of lignin and to the hydroxyl peaks of cellulose and hemicellulose [22], to the COOH
vibrations; stretching of the O-H of carboxylic acid (3000-2201 cm-1), to the symmetrical elongation
of the vibrations of the C-H bonds (2918 cm-1), vibrations of the structure of the rings (C=C)
characteristic of lignin (1581 cm-1), the region between 1439 and 1252 cm-1 is associated with the C=H
group of lignin [27], the peaks belonging to the vibrations of the C-H bond (1046 cm-1), the peaks
belonging to the stretch of the nitro group CNO2 (889 cm-1), the peak associated with the C-H bond
(695 cm-1). After 28 days, peaks associated with the vibrations of the carbonyl groups of
hemicellulose (1736 cm-1), peaks associated with the asymmetric vibrations of methylene and peaks
associated with the stretching of the O-H group of carboxylic acid (2363 cm-1) were observed
[20,21,25]. It is important to highlight that the peaks associated with the O-H vibrations belonging to
the lignin phenols and the hydroxyl peaks of cellulose and hemicellulose (3400-3420 cm-1) do not
show significant changes after 7, 21 and 28 days, which would indicate that no degradation occurred.
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3.1.3. Thermal Analysis

Figure 5 summarizes the thermogravimetric behavior of the coconut fiber before being coated
with the hydrophobic substances used in this study. Three important stages of weight loss with
increasing temperature have been identified. The first stage (25°C-114.4°C), which corresponds to the
loss of moisture in the sample (7.28%) [28,29]. The second stage (114.4°C-336.9°C), which corresponds
to the degradation of hemicellulose, cellulose and part of the lignin [30], this stage represents 52.67%
of the weight loss of the sample and the volatiles products generated during decomposition are water,
CO and CO2 [28]. The third stage (336.9 °C-739.7°C) corresponds to the decomposition of cellulose
and the remaining lignin in the coconut fiber [24,31] and represents 22.16% of the weight loss of the

sample.
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Figure 5. Untreated coconut fiber breakdown thermogram.

Jimenez et al. [32]. stated that even at temperatures above 550°C, fiber degradation processes are
the product of the deterioration of some polysaccharides, lignin and certain inorganic substances.
Using the derivative thermogravimetry (DTG) technique, the change in mass of uncoated coconut
fiber was analyzed with respect to time, presenting two representative peaks, the first at 195°C
(decomposition of hemicellulose) and the second at 319°C (decomposition of cellulose). The second
peak shows the highest rate of fiber degradation [33,34].

Figure 6 summarizes the thermogravimetric behavior of coconut fiber coated with linseed oil
and paraffin wax compared to the unprotected material. It can be observed in Figure 6a the presence
of 4 regions of weight loss. The first zone represents the humidity loss of the material (20-167°C). 5.5%
loss in the linseed oil coated fiber and 5.7% loss in the paraffin wax coated fiber were obtained.
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Figure 6. (a) TGA curve and (b) DTG curve of paraffin- and linseed-coated coconut fibers.

The second zone (167-417°C) represents the degradation of cellulose, hemicellulose, part of the
lignin, carbohydrates, sugars, starches, etc. 31.4 % weight loss in the linseed oil coated fiber and 38.3
% in the paraffin wax coated fiber were obtained. The third zone (417-492°C) corresponds to the
decomposition of hemicellulose with weight losses of 30.6% by weight of the fiber coated with linseed
oil and 34.2% of the fiber coated with paraffin wax. Finally, the fourth zone (492-687°C) represents
the decomposition of cellulose and the final residue, which according to [32] would be attributed to
the final degradation of lignin, since its degradation occurs in the range between 100-900°C.

When evaluating the variation of coconut fiber weight with time as a function of temperature
(Figure 6b), a significant improvement in the thermal stability of the fibers when coated was observed
due to the inhibition of hemicellulose decomposition (near 195°C). The sample of coconut fiber coated
with linseed oil shows 5 temperature peaks, a peak at 74 °C for water vaporization, a peak at 308 °C
representing the simultaneous degradation of the main components of the fibers, and three peaks at
470 °C, 547 °C and 634 °C (Linseed oil decomposition). For the paraffin coconut fiber sample, it was
observed that 5 peaks of maximum weight loss were generated, which correspond to the temperature
of 75 °C, 308 °C, 472 °C, 543 °C and 613 °C (Paraffin wax decomposition).

3.2. Mechanical Evaluation

3.2.1. Compressive Strength

The physical and mechanical properties of cement-based composites that are reinforced with
natural fibers can be affected by many factors such as: 1. Characteristics of the fibers: type, surface
properties, length and weight percentage used [35]. Nature of cement and mix design and 3. Shape,
casting and curing of the composites [36]. It is important to highlight that all the parameters on the
compatibility between the fiber and the cement matrix always seek the most homogeneous possible
distribution of the reinforcement fibers, which greatly impacts the mechanical properties of the
material.

Figure 7 shows the results obtained when mortars reinforced with fibers coated with
hydrophobic substances such as paraffin wax and linseed oil were subjected to compression. It is
clearly observed a better compression behavior of the mortars reinforced with coconut fibers coated
with paraffin wax (Figure 7a) than those obtained in the mortars reinforced with coconut fibers coated
with linseed oil (Fiber 7b) after 28 days of curing. This behavior can be explained by the capacity of
paraffin wax to reduce the water absorption capacity of the coconut fiber by modifying the
physicochemical characteristics of the fiber/mortar interface. According to Figure 7a, the highest
compressive strength was obtained by adding coconut fibers of 1 cm in length coated with paraffin
wax in proportions of 0.5% to the mortar. The maximum value reported was 13.08 MPa. A similar
behavior in compressive strength was reported by Osorio et al [6] in 2007 when using 0.5% bagasse
fibers treated in 5% Ca(OH)2 for 24 hours.
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Figure 7. Compression behavior of fiber-reinforced mortars coated with (a) paraffin wax and (b) linseed oil.

Fiber size determines the arrangement and alignment as a reinforcement material with short
fibers being randomly distributed while long fibers are more regularly arranged. When a unit axial
load aligned parallel to the direction of the fibers is applied, the maximum strength of the mortar is
obtained. In this work, the highest compressive strengths were obtained with the use of short fibers,
which in their distribution presented an isotropic behavior to the applied mechanical stresses.
Fujiyama et al. (2014) found that the addition of Sisal fibers with different lengths did not produce an
increase in the compressive strength of mortars. However, they found that long fibers negatively
affect the compressive strength compared to short fibers attributing it to the increase to the porosity
of the mortar [37].

Another important factor in the mechanical characteristics of a composite material is the
proportion of the reinforcing agent. Aziz et al. [35] reported that when a high amount of fiber is used
during the mortar preparation process, it tends to clump, which makes the mixing process more
difficult, generating adherence between the fibers and the matrix and decreasing its mechanical
strength since it can increase the porosity of the material. [38,39]. In addition, a higher fiber content
in the mortar has a significant effect on water absorption by the material. [40]. Figure 7b shows an
adverse effect of coconut fiber reinforcement coated with linseed oil on the compressive strength
compared to the reference sample. This behavior may be due to the greater deterioration of the fiber
due to a low protection by the linseed oil, which allowed a greater negative effect of the alkaline
agents of the cement reducing the adherence of the fibers to the cementitious matrix generating
spacings in the fiber-matrix interface producing lower compressive strength of the material due to
the reduction in the compactness of the cement [6]. Another possible cause of the compressive
behavior of the material under study was the bleeding phenomenon that occurs when a high water-
cement ratio is used during the mortar generation process [16].

3.2.2. Flexural Strength

Figure 8 shows the flexural behavior of mortars reinforced with coconut fibers coated with
paraffin wax and linseed oil. A better flexural behavior was observed in the fiber-reinforced mortars
impregnated with paraffin (Figure 8a) compared to those protected with linseed oil (Figure 8b). This
behavior may be due to the lower water absorption capacity of the fiber when coated with kerosene,
allowing a lower degradation of the reinforcement material in the presence of the alkaline
environment of the cement, favoring a higher adhesion between fiber and matrix generating a higher
flexural strength as reported by Judrez et al. (2004) [16].
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Figure 8. Flexural behavior of fiber-reinforced mortars coated with a) paraffin wax and b) linseed oil.

According to the results presented in Figure 8, it is observed that after 28 days of mortar curing,
the highest flexural strengths were obtained compared to the reference sample (3.09 MPa) with the
addition of 0.5 wt.% of paraffin coated coconut fiber reinforcement. The highest values reported were
4.432 MPa (length 1 cm) and 3.968 MPa (length 2 cm). Fiber length is an important variable in the
flexural behavior of the material, the presence of long fibers allows alignment towards a specific
direction, however, a unidirectional orientation would generate an anisotropic material which would
result in low mechanical properties under loads parallel to the fibers [41]. Due to this, mortars
reinforced with 1 c¢m fibers in proportion 0.5 wt.% (short fibers) are aleatory aligned showing an
isotropic behavior under mechanical stresses. Juarez C. et al. [16] reported increases in the flexural
strength of concrete reinforced with 0.5% by volume of lechuguilla fiber, this mechanical strength
decreased as the volume of the reinforcing fiber increased. Quintero et al [40] showed that the
addition of coconut fiber improves the flexural strength of concrete when its volume percentage was
0.5% by volume and 5 cm in length. In addition to this, Zou et al [4] showed that the addition of
coconut fibers to a phosphorus and magnesium-based cement significantly improves the flexural
strength reaching 13.49 MPa (15.7% higher than that obtained in the unreinforced material). It is
worth noting that the incorporation of coconut fibers to cement-based materials contributes to waste
recycling.

The enhancement in flexural strength is attributed to the ability of fiber reinforcements to
increase the toughness of the matrix through various mechanisms. Cracks that form in the matrix are
transferred to the fibers, which absorb energy and impede crack propagation. However, if the bond
between the fiber and the matrix is weak, the fibers may begin to detach from the matrix, increasing
the likelihood of fractures [40], in such cases, the crack is forced to navigate around the fibers to
continue its progression, a process that consumes energy and consequently raises the fracture
toughness. Moreover, when a crack starts to form in the matrix, the intact fibers can act as a bridge
over the crack, exerting compressive stress that restricts the crack from fully opening [40].

4. Conclusions

When evaluating the mechanical behavior of the structural mortar reinforced with coconut
fibers, an increase in compressive and flexural strength of 84.27% and 43.32%, respectively, was
obtained in comparison with the unreinforced mortar. This indicates that this type of fiber is a good
alternative as a reinforcing agent, especially the fibers added in low proportions (0.5% by weight),
since they do not hinder mixing. As for the short fibers (1 cm), they produce an isotropic behavior in
the material since they are randomly aligned, improving the mechanical resistance.

By means of thermogravimetric analysis it was possible to determine the presence of four stages
during the thermal degradation of coconut fibers. 1. loss of fiber humidity. 2. presence of extractives
in the sample, 3. thermal degradation of cellulose and hemicellulose and 4. Degradation of lignin
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(occurs between 100-900°C). Additionally, paraffin wax was found to increase the chemical resistance
of the fiber, reducing its water absorption capacity and offering good protection against the alkaline
environment of the cement. The hydrophobic protection of the fibers with paraffin wax and linseed
oil slightly increases their thermal stability.
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