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The selection of fiber is predominant for natural fiber-reinforced polymer composite materials, which should have easy extraction
and good bonding with considerable strength. In this paper, some chemical treatments were done on the fiber material to increase
interfacial bonding between the snake grass fiber (Sansevieria ehrenbergii) and polyester matrix, such as alkali treatment (NaOH),
potassium permanganate treatment, sodium carbonate treatment, hydrogen peroxide treatment, and calcium carbonate
treatment. The chopped snake grass fiber-reinforced polymer composite material was prepared by keeping 25 wt.% of fiber and
30 mm fiber length reinforced with an unsaturated polyester resin that was cured with the help of the catalyst methyl ethyl ketone
peroxide (MEPK). Cobalt naphthenate was used as an accelerator. Tribological properties were discussed for the highly potential
sample with the help of a pin-on-disc wear tester, and the results were analysed by the Taguchi L9 orthogonal array. This paper
exhibited the best mechanical and tribological properties among those chemical-treated fibers used in fiber-reinforced composite
materials and untreated fibers used in fiber-reinforced composite materials. CaCOj; treatment provided higher tensile strength
(45 MPa), impact strength (3.35]), and hardness (27 BHN). Finally, the mechanical and tribological characterization of the
samples was done with the aid of SEM (scanning electron microscope).

1. Introduction

Natural fiber-reinforced polymer composite materials have
comprehensive interaction over the polymer matrix com-
posite materials due to biodegradability and lower density
compared to metals. Fiber surface modification is an
identical technique to improve mechanical and tribological
properties. In [1], the manual process for preparing the
Sansevieria cylindrica/polyester composite is explained, and
the properties of the unsaturated polyester are also given. It

is concluded that the treated fibers have improved
mechanical behavior than untreated fibers and good wet-
tability. Fiber treatment separates the fiber and reduces the
lignin content in the fiber while treated with NaOH/Na,SO;
[2]. The alkaline treatment (NaOH) increases the bonding of
alfa fiber with the matrix, and the brittleness of the fiber also
increases when the fiber is dipped 48 hours in the NaOH
solution [3]. Natural fibers have extensive applications in the
future. Natural fibers such as flax, hemp, and ramie have a
definite mechanical characterization for various applications
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[4]. Sansevieria ehrenbergii fiber, 30 mm length, treated 30
minutes with KMnOy, and reinforced 30 percent fiber with
polyester resin, provided good bonding than the untreated
fiber [5]. The coir fiber-reinforced polyester composite is
unsuitable for structural applications due to low flexural
strength for increasing fiber concentration [6]. Polymer
composites’ void content and hydrophilic behavior at
various temperatures fabricated through resin transfer
molding are lower than other processing techniques [7].
The SEM analysis shows that randomly oriented untreated
fibers do not give good bonding [8]. Alkali and silane
treatments of the hemp fiber-reinforced polylactic acid
(PLA) composite improve interfacial adhesion and increase
the flexural strength. Generally, compared with short fibers,
treated long fibers have higher flexural strength [9]. The
surface morphology of treated coconut fiber composite
shows excellent matrix-fiber adhesion [10]. Fiber treatment
increased the tribological properties of the polymer com-
posites impregnated with natural fibers [11]. Pandanus
fiber/polyester composite provided significant improve-
ment on the developed composites for the fiber with an
average length of 40 mm. Fiber treatment is necessary to
improve the mechanical properties of fiber-reinforced
composite materials [12]. Silane treatment increased the
tribological properties of the polymer composite by in-
creasing the bonding strength [13].

Natural fibers are the best alternative to synthetic fibers
such as glass and Kevlar, fulfilling the current green
manufacturing requirement [14]. Natural fibers offer ex-
ceptional characteristics such as low density, great tensile
strength, and lightness. Natural fibers are derived from
various sections of fiber-producing plants. Natural fiber
properties are determined by plant type, age, extraction
technique, and the environment in which the plant was
raised [15]. Various chemical treatments may decrease the
incompatibility between plant fibers and polymer matrices.
Different surface treatments on biofibers, such as benzoyl
peroxide, potassium permanganate, stearic acid, and alkali
treatment, improved the chemical, physical, and morpho-
logical characteristics of the fibers. Alkali treatment is the
first treatment that changes fiber’s surface by eliminating
amorphous materials and contaminants from the surface
[16]. The electrical, thermal, and mechanical properties of
Phaseolus vulgaris fiber/unsaturated polyester composites
have shown encouraging results for end-use applications
[17]. It is critical to adjust the alkali treatment soaking time
and concentration in order to achieve the fiber’s desirable
characteristics [18]. Polyester is defined by the Federal Trade
Commission as synthetic fibers that form a long chain
containing at least 85% by weight of an ester of a substituted
aromatic carboxylic acid [19]. Since its debut in 1941,
polyester has been one of the most widely utilized materials
in the industry. Polyester accounted for about 69 percent of
total fiber usage in 2017 [20].

The reinforcement and treatment are the following
factors in changing the mechanical properties, enclosing this
aspect in this study to evaluate mechanical and tribological
properties for defined treating time of fiber (Sansevieria
ehrenbergii) with the polyester composite.
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2. Experimental Details

2.1. Materials. The leaves of Sansevieria ehrenbergii were
used to extract snake grass fibers (SGFs) gathered from
farms around Kanyakumari district, Tamil Nadu, India, by
manual process. The chemicals such as sodium hydroxide,
sodium carbonate, calcium carbonate, potassium perman-
ganate, and hydrogen peroxide are used for treating the fiber
outer surface to increase fiber roughness. The matrix used to
prepare the composite material is unsaturated polyester
resin with catalyst MEKP. Meanwhile, cobalt naphthenate
was also used as an accelerator for the reaction. The matrix
(unsaturated polyester), accelerator, and catalyst were
supplied from M/S Leo Enterprise, Nagercoil, Tamil Nadu,
India.

2.2. Surface Treatments for Fibers. The SGFs extracted from
the plant were exposed to various surface treatments such as
alkaline (NaOH), potassium permanganate, calcium car-
bonate, sodium carbonate, and hydrogen peroxide. Before
treatment, SGFs were cut into 30mm (optimum fiber
length).

2.3. Alkali Treatment. The SGFs were dipped with 10% of
NaOH solution with water for 3 hours. Then, the fibers were
rinsed with pure water to remove the lignin content as well
as excess chemicals. The fibers were dried for 3 hours in the
oven at 70°C [2, 3].

2.4. Potassium Permanganate Treatment. In this treatment,
the SGFs were dipped in a vessel containing 0.5% potassium
permanganate with water for 3h. Then, the fibers were
cleaned with water. Finally, the fibers were dried for 3 hours
in the oven at 70°C [2].

2.5. Calcium Carbonate Treatment. In this treatment, SGFs
were soaked with 10% Ca,COj solution for 3 h. Then, the
treated SGFs were rinsed with pure water. The fibers were
dried with the aid of the oven for 3 hours in the oven at 70°C.

2.6. Sodium Carbonate Treatment. In this treatment, the
SGFs were dipped in the solution for 3h, which contains
10% of Na,COs. Then, treated SGFs were rinsed with fresh
water. The fibers were dried using the oven for 3 hours in the
oven at 70°C.

2.7. Hydrogen Peroxide Treatment. The SGFs were dipped in
a vessel containing 10% hydrogen peroxide solution with
water for 3 h. The final process was done by cleaning the fiber
with water. Then, treated fibers were dried in the oven for 3
hours at 70°C to remove the moisture content.

3. Fabrication of Composite Materials

The hand lay-up followed by the compression molding
method was used to develop the samples [21]. The
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composites were developed separately with untreated as well
as chemically treated SGFs. Untreated SGFs were cut into
30mm (optimal fiber length) [1].

SGFs (chemically treated) are cut into 30 mm length as it
is a critical fiber length. The fiber content of 25% by weight
was taken for preparing the composite samples [1]. The
fibers were filled in the mold cavity and prepressed after
closing the mold with mild steel plates to prepare the
chopped fiber mat. Polyester resin (97.5%) was blended with
the catalyst (2% of MEKP) and accelerator (0.5% of cobalt
naphthenate) which are used as binding materials.

Degassed binding material was poured on a chopped
fiber mat and spread over the fibers by using a brush. After
that, the mold was closed, and 40 kN load was applied on the
mild steel plate until complete closure, and this load was kept
for 24 h [2]. The SGF-reinforced composite materials were
prepared according to mold size. Similarly, the sample for
alkali (NaOH), potassium permanganate-, calcium car-
bonate-, sodium carbonate-, and hydrogen peroxide-treated
SGFs was prepared separately. Figure 1 shows the fabricated
composite materials.

4. Experimental Study

4.1. Mechanical and Tribological Tests for the Prepared
Composite Materials. Tensile test and three-point flexural
test were done in Computerized Universal Testing Machine
(TUE C-1000) with 100 ton capacity. This tensile testing is
carried out under ASTM D638-01 with a crosshead speed of
1 mm/min [2]. Impact test was performed with a machine
XJJU-5.5, and the ASTM standard is ASTM D256. The
Brinell hardness testing machine examined the hardness
value of the samples. To analyse the wear behavior of the
samples, a two-body dry sliding wear test was conducted in
the machine pin-on-disc wear tester. All the experiments are
conducted properly, as mentioned in the respective ASTM
standard, to avoid errors.

4.2. Scanning Electron Microscope. The reason for failure due
to tensile and impact tests would be analysed by imaging
analysis using the SEM instrument. SEM analysis was done
by the JEOL model 6390 machine. The specimen was cut into
3x3x3mm?’ size in the fracture region to take the SEM
image. The magnification range of this machine is
50x-500,000x. It is working under the voltage range of 80 to
200kV. The surface of the sample was laminated with a mild
layer of gold for better conductivity.

5. Results and Discussion

5.1. Mechanical Characterization. The fabricated SGF-rein-
forced polymer composites undergone various tests to
measure the mechanical properties. A variety of mechanical
testing was done on the prepared composite materials, and
their properties are evaluated. In Figure 2, stress developed
against the load is high for CaCOj;-treated fiber-reinforced
polyester composite material. For the untreated fiber, it is
comparatively low because of the presence of lignin content
which decreases the bonding strength. The tensile strength of

the CaCOs-treated fiber/polyester composite is 45.33 MPa.
Moreover, from the three-point flexural test result, CaCO;
treatment is comparatively good. It has a reasonable deflec-
tion due to bending until fracture, which leads to higher
bending strength, as shown in Figure 3. Figure 4 indicates that
the CaCOs-treated fiber-reinforced polymer composite ma-
terial has good resistance against the sudden load compared
with other types of treated fiber-reinforced polymer materials.
It has an impact strength of 3.35 Joule. The hardness of the
developed samples was done with the aid of the Brinell
hardness testing machine. The hardness of 27 BHN was
obtained in the CaCO;-treated fiber-reinforced polyester
composite material which is comparatively higher than other
treatments, as shown in Figure 5. The hardness of the material
is probably related to the wear resistance of the material.

The NaOH-treated fiber-reinforced polymer composite
poorly resists the sudden load due to higher treatment time.
The CaCOs-treated fiber-reinforced composite material has
good surface hardness compared to other treated snake grass
fiber-reinforced polymer composites.

5.2. Tribological Characterization. The coefficient of friction
(CoF) of the CaCO;-treated SGF-reinforced polyester was
investigated using a pin-on-disc wear tester under the dry
sliding wear condition. This treatment produces better
properties compared with other treatment methods. The
mechanical properties are improved at a significant level by
treating with CaCO;. So, CaCOs5-treated samples have been
subjected to a wear test. To predict the outcome of the
results, Taguchi method (L9 orthogonal array) was used.
Different levels of input parameters are shown in Table 1,
and the design table is given in Table 2.

The optimum level of the input parameter for obtaining
minimum wear loss was identified through the signal-to-
noise ratio (S/N) figure as shown in Figures 6 and 7 for wear
loss and CoF. Trial run 1 (load=10N, sliding veloc-
ity=2m/s, and sliding distance =500m) produces mini-
mum wear loss. The “lower-the-best” condition was
implemented to find the minimum wear loss. The optimum
CoF was achieved with a load of 10N, a sliding velocity of
4m/s, and a sliding distance of 1500m. The “high-
er-the-best” condition was implemented to find optimum
CoF as the wear of the material is analysed for the maximum
roughness to evaluate the material’s wear behavior. The
fabricated material can be used in high gripping
applications.

The influence level of each input parameter is calculated
from Tables 3 and 4 for wear loss and CoF based on the delta
value. For wear loss, the load is ranked as one, sliding
distance is ranked as two, and sliding velocity is ranked as
three. It described that the load provided more influence on
the wear loss. For CoF, the sliding velocity is ranked as one,
load is ranked as two, and sliding distance is ranked as three.
It described that the sliding velocity provided more influence
on the wear loss.

Tables 5 and 6 show the analysis of variance tables for
wear loss and CoF. Table 5 contains degrees of freedom
(DOFs), adjusted sum of squares (ASS), adjusted mean
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FIGURE 1: Fabricated composite materials: (a) potassium permanganate-treated composite, (b) hydrogen peroxide-treated composite,
(c) alkali (NaOH) treated composite, (d) calcium carbonate-treated composite, (e) sodium carbonate composite, and (f) untreated

composite.

square (AMS), F-value, and P value for analysis. The analysis
described 95% confidence level and 5% significant level of
the parameters. In the wear loss table, Adj SS and Adj MS
values are below 0.05, emphasizing that the model is more
significant. For wear loss, the P values of load, sliding ve-
locity, and sliding distance are 0.38, 0.18, and 0.496, re-
spectively. Hence, the impact of sliding distance is more on
wear loss. The P value of load, sliding velocity, and sliding
distance for CoF is 0.238, 0.159, and 0.185, respectively. The
load has more P value, which emphasizes that the load has
more influence on CoF.

The linear regression equation to identify the wear loss
and CoF for any value within the domain was predicted
using equations (1) and (2). All coefficient values of the wear
loss equation are below 0.05, which means the model is more
significant. The siding distance has a negative coefficient. It
indicates that the sliding distance increases with the decrease

in wear loss. In the wear loss equation, both load and sliding
velocity values are positive, emphasizing that these values
increase with an increase in wear loss. The coefficient of load
in the CoF equation is negative, which describes that the CoF
decreases while increasing the load. The coefficient values of
sliding velocity and sliding distance are positive, showing
that the CoF increases while increasing the sliding velocity
and sliding distance.

Wearloss = —0.00291 + 0.000153 load (N)
+ 0.000833 sliding velocity (m/s) (1)
—0.000001 sliding distance (m),
CoF = —0.114 — 0.0214load (N)

+ 0.265 sliding velocity (m/s) (2)
+ 0.000491 sliding distance (m).
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FiGure 2: Ultimate tensile strength vs. treated and untreated fibers with polyester.
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FIGURE 3: Ultimate flexural strength vs. treated and untreated fibers with polyester.

The interaction and independent effect of parameters on
wear loss and CoF are identified in the contour plot of
Figures 8 and 9. Different colours with their respective values
are listed in the figure. Light colour represents the minimum
value, and dark colour represents the maximum value.
Figure 8(a) depicts the interaction and independent effect of
load as well as sliding velocity on wear loss. The independent
effect of load and sliding velocity increases with a slight
increase in wear loss. Wear loss increases due to the in-
teraction effect of load and sliding velocity. Trial run 9

(load=30N and sliding velocity=4m/s) produces the
maximum outcome. The interaction and independent effects
of load and sliding distance on wear loss are depicted in
Figure 8(b). From the results, it was clear that the wear loss
increases steeply while increasing the load. The sliding
distance increases with a decrease in wear loss. The load-
sliding distance interaction effect significantly increases the
wear loss.

The interaction and independent effect of load and
sliding velocity on CoF are depicted in Figure 9(a). Sliding
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TaBLE 1: Level of factors.

. Levels

Name Units

1 2 3
Load N 10 20 30
Sliding velocity m/s 2 3 4
Sliding distance m 500 1000 1500

TaBLE 2: Design table.

Run Load (N) Sliding velocity (m/s) Sliding distance (M) Wear loss CoF
1 10 2 500 0.0006 0.526
2 10 3 1000 0.0007 0.644
3 10 4 1500 0.0004 0.609
4 20 2 1000 0.0012 0.487
5 20 3 1500 0.0018 0.582
6 20 4 500 0.0013 0.549
7 30 2 1500 0.0021 0.602
8 30 3 500 0.0037 0.644
9 30 4 1000 0.0061 0.647
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FIGURE 6: Main effects’ plot for the S-N ratio of wear loss.
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FIGURE 7: Main effects’ plot for the S-N ratio of CoF.

TABLE 3: S/N ratio value of wear loss.

Level Load (N) Sliding velocity (m/s) Sliding distance (m)
1 65.61 60.95 56.93
2 57.01 55.99 55.72
3 50.98 56.66 60.95
Delta 14.63 4.96 5.24

Rank 1 3 2
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TABLE 4: Signal-to-noise ratio value of CoF.

Level Load (N) Sliding velocity (m/s) Sliding distance (m)
1 —1.1143 -5.4126 —4.8704
2 —5.3865 -4.1154 -4.6179
3 —4.0041 -0.9770 -1.0167
Delta 4.2722 4.4356 3.8537
Rank 2 1 3
TaBLE 5: ANOVA test for wear loss.
Source DOF ASS AMS F-value P value
Regression 3 0.000019 0.000006 3.59 0.101
Load (N) 1 0.000014 0.000014 7.90 0.038
Sliding velocity (m/s) 1 0.000004 0.000004 2.33 0.187
Sliding distance (m) 1 0.000001 0.000001 0.54 0.496
Error 5 0.000009 0.000002
Total 8 0.000028
TaBLE 6: ANOVA test for CoF.
Source DOF ASS AMS F-value P value
Regression 3 1.0591 0.3530 2.30 0.195
Load (N) 1 0.2756 0.2756 1.79 0.238
Sliding velocity (m/s) 1 0.4213 0.4213 2.74 0.159
Sliding distance (m) 1 0.3621 0.3621 2.36 0.185
Error 5 0.7685 0.1537
Total 8 1.8276
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FIGURE 8: Wear loss (contour plot). (a) Load vs. sliding velocity. (b) Load vs. sliding distance.
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FIGURE 9: CoF (contour plot). (a) Load vs. sliding velocity. (b) Load vs. sliding distance.

velocity increases the outcome of CoF. However, the load
increases with the decrease in CoF. CoF increases due to
the interaction effect of load and sliding velocity. The
optimum result was obtained at the load of 10N and
sliding velocity of 4 m/s. Figure 9(b) shows the interaction
and independent effect of load and sliding distance on
CoF. The sliding distance increases with an increase in
CoF. The interaction effect is not significantly affecting
the CoF.

5.3. Scanning Electron Microscope (SEM) Analysis. SEM
images revealed the inadequate bonding of SGFs with
polyester. Under tensile and impact loading, matrix-fiber
debonding, fiber pullout, matrix fracture, and fiber
fracture were seen in both the untreated snake fibers with
polyester and the NaOH-treated snake grass fibers with
polyester composites. From the tensile and impact frac-
tography results, it was clear that CaCOjs-treated snake
grass fiber with polyester was good. Under tensile and
impact loading, matrix and fiber fracture was the most
common failure mechanism in short CaCO;-treated snake
grass fiber with polyester composites. Figures 10(a)-10(c)
show tensile test images of the untreated fiber with

polyester and CaCOj-treated fiber with polyester
composite, respectively. Figures 11(a) and 11(b) show the
impact test images of the NaOH-treated fiber with
polyester and CaCOj;-treated fiber with polyester com-
posite, respectively.

The SEM images of the CaCO; composite materials
(worn surface) are given in Figure 12. Figure 12(a) shows
the SEM images of the worn surface for the minimum
input conditions (load=10N, sliding velocity=2m/s,
and sliding distance =500 m). It shows very minimum
wear on the surface due to the strong matrix-fiber
bonding. The contour plot emphasizes that both sliding
distance and sliding velocity do not cause any effect on
the wear loss. Similarly, minimum damages occurred at
maximum sliding velocity and sliding distance, as shown
in Figure 12(b). The main wear mechanisms are matrix
pitting, microgrooves, and debris. More damages oc-
curred at the maximum load condition, as shown in
Figure 12(c). High wear loss occurred due to increased
load (high pressure), which broke the interlaminar
structure’s cohesive and adhesive bonds. The main wear
mechanisms are matrix cutting, fiber-matrix detachment,
matrix pitting, and delamination.
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F1Gure 12: SEM images of worn surfaces using a variety of input parameters such as load, sliding velocity, and sliding distance. (a) 10N, 2 m/
s, and 500 m. (b) 10N, 4m/s, and 1500 m. (c) 30N, 4m/s, and 1000 m.

6. Conclusion

In this work, snake grass fiber (Sansevieria ehrenbergii) was
treated with different chemicals such as NaOH, potassium
permanganate, calcium carbonate, sodium carbonate, and
hydrogen peroxide to eliminate lignin for getting better
fiber-reinforced polyester composite materials. The experi-
mental investigation of mechanical and tribological behavior
of treated SGF-reinforced polyester composites derives the
following conclusions:

(i) This research demonstrates that the successful
manufacture of chemical-treated snake grass fiber-
reinforced polyester composites with 25% fiber
reinforcement was done by the hand lay-up
method.

(ii) Calcium carbonate-treated fiber-reinforced poly-
ester composite has the highest hardness value of
27 BHN in the hardness test, which is more than
50% compared to untreated snake grass fiber-
reinforced polyester composite materials.

(iii) From the tensile test, the calcium carbonate-treated
reinforced composite has high mean ultimate
strength of 45.335 N/mm?>.

(iv) Calcium carbonate-treated fiber-reinforced composite
has a high impact strength of 3.35]. Ca,COj;-treated
fiber-reinforced composite has a high ultimate flexural
strength of 4.5 N/mm®.

(v) In the overall view, the newly experimented calcium
carbonate-treated fiber-reinforced composite has
very good mechanical properties.

(vi) The SEM images of the fractured samples showed
the reason for the poor adhesion and fiber fraction
for untreated fiber-reinforced polymer composite
materials. After the treatment, comparatively good
adhesion, decrement in fiber pullout, and mini-
mum debonding were identified. The maximum
damages occurred at 30N load, which is

substantiated by SEM images. Sliding velocity and
sliding distance increased with an increase in CoF.
The identified main wear mechanisms are matrix
cutting, matrix pitting, microgrooves, delamina-
tion, fiber-matrix detachment, and debris.

(vii) CaCOj treatment is inevitable to improve the wear
resistance. Because of the strong fiber-matrix ad-
hesion, sliding velocity and sliding distance have
negligible wear loss. However, applied load in-
creases with an increase in wear loss.
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