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Abstract

The current trend is the ecological consciousness of replacing synthetic fibers with natural fiber. However, several restrictions
exist on using natural fibers/fillers, including compatibility, hydrophobicity, and locality. The natural material chosen for the
present investigation, Acacia nilotica, is short and cylindrical; the same has been used as reinforcement after being chemi-
cally treated with silane and grinded into fillers in the present study. Grinded silane-treated A. nilotica fillers were added in
arange of 0, 2, 4, and 6 weight percent to the epoxy matrix. Conventional hand layup was used to manufacture composite
materials using epoxy resin and hardener. The manufactured composite's tribological properties were evaluated according
to ASTM G99-17 using the pin-on-disk machine under two-body abrasive wear conditions. L-16 orthogonal arrays were
used to conduct the research. Load, sliding distance, and material were the process input parameters, and the results were
evaluated using the Specific Wear Rate (SWR) and Coefficient of Friction (COF). Analysis of variance (ANOVA) was used
to analyze the significant variables. EDAS was used to optimize the output. The abraded surfaces were finally studied using
worn surface morphology. According to the findings, silane-treated A. nilotica filler is a new and promising resource as a
sustainable raw material for reinforcement in polymer composites manufacturing lightweight materials. Results revealed
that the optimized values were 6 wt%, load at 20 N, and sliding distance of 225 m. SWR values decreased by 61.2%, and
COF values decreased by 34.3% in the case of 6 wt% composites compared to the unreinforced fiber composites. The rank
of the sample was assigned according to performance by the EDAS process.
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Introduction fillers such as banana, hemp, and wood fillers were used as

potential reinforcement sources in composite fabrications

Natural fiber/fillers, a renewable resource, have unique quali-
ties that are important for eco-friendly composites (Yahiya
and Venu 2022; Singh et al. 2023). Various natural fibers/
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(Vijay et al. 2022). The development of natural fiber com-
ponents in established composites was helped by the abun-
dance of natural fibers (Raghunathan et al. 2022; Vinod et al.
2023). As a result, they have more benefits than synthetic
fiber; for instance, they are biodegradable, cheap, less dense,
and have enhanced durability (Ramesh et al. 2022). Natu-
ral fibers have numerous advantages compared to synthetic
fibers, such as abundant availability, cost efficiency, low
weight, ease of processing, and environmental friendliness.
The natural fiber/fillers were subjected to various chemical
treatments to maximize their potential benefits. Research-
ers in the past chemically treated natural fibers/fillers with
different chemicals and reported improvement in various
properties (Bhagyashekar and Rao 2007; Reddy et al. 2020;
Madhu et al. 2020).
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Epoxy resin is a popular polymer matrix due to its strong
adhesion when fibers/fillers are added. Epoxy material is
an excellent option due to its increased hardness, humidity
resistance, superior hardness qualities, and improved ther-
mal and mechanical properties. Fillers are frequently used
to increase the characteristics of the epoxy matrix (Ramesh
et al. 2022). Researchers recently incorporated particles and
short fibers as fillers into the epoxy matrix. Some parameters
that influenced output characteristics include the shape of
the fillers, the amount of filler applied, and the treatment
of the reinforcement. Surface-modified fillers, among other
things, can improve wear, dimensional stability, and heat
dissipation (Bhagyashekar and Rao 2007).

Recent studies reinforced the epoxy matrix with Setaria
italic fiber that was 10% alkali-treated. Comparing treated
and untreated fiber-reinforced composites, alkali treat-
ment increased tensile (35.1%) and flexural strength (8.6%)
(Reddy et al. 2020). Madhu et al. (2020) chemically modi-
fied Prosopis julifora fiber with various chemical treatments
like sodium hydroxide, stearic acid, and peroxide treatment.
They found an increase in the properties of the chemically
treated fibers compared to the untreated fibers, chemically
treated with acetylene and alkaline solutions. The hand
layup process was used to manufacture the composites. The
main intention was to study dynamic mechanical analysis,
strength, impact, and hardness of the manufactured fibers.
When compared to acetylene-treated fiber samples, alkaline-
treated natural fiber samples had the best strength, impact,
and hardness characteristics, mainly due to the strong
bonding between matrix and fiber (Kumar et al. 2023).
Silane treatment was the most used treatment of natural fib-
ers in this study as it enhances compatibility between the
matrix, ensures better thermal stability, increases composite
strength, reduces fiber alkalinity, and increases composite
performance. It solves moisture absorption, reduces fiber
degradation, and makes natural fibers the perfect material
for many applications.

The tribological properties of any composite are explored
to study their friction characteristics. The wear properties
of a material depend on its properties. Abrasive wear is the
primary cause of wear and a common method for mate-
rial removal in industry. It eliminates solid particles from
another body via complex particle movement (Formisano
et al. 2016). Abrasive wear is the result of abrasive parti-
cles rubbing against a solid surface. Abrasive wear is caused
by two mechanisms: loss of material from the front end of
abrasive particles sliding on the surface and the creation
of grooves caused by pushing abrasive grit onto the sur-
face (Raghunathan et al. 2021). To increase their proper-
ties, epoxy composites are reinforced with varied fillers,
both natural and artificial. Numerous researchers attempted
to enhance its function by incorporating various fillers
and reinforcing agents, including nano-particles. Fillers
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are provided pre-treatments to improve interfacial contact
between the matrix and filler. These initiatives successfully
enhanced the composites' mechanical and tribological char-
acteristics (Albert et al. 2022).

Sudheer et al. (2014) studied their tribological charac-
teristics using alkali-treated Vachellia farnesiana fibers at
various weight concentrations. It was concluded from their
output that an increase in reinforcement resulted in increased
wear resistance. Shi et al. (2004) manufactured composite
epoxy/PTW composites and studied their tribological and
mechanical properties. The addition of PTW increased
properties like density and stiffness and decreased ductil-
ity. Xing and Li (2004) reinforced nano-aluminum oxide
into the epoxy matrix, increasing flexural modulus and
strength. In addition, they concluded that they found more
wear resistance compared to a pure epoxy matrix. When
nano-aluminum oxide was pre-heated, it increased several
properties. Durand et al. (1995) employed nano-particles of
500 nm, whereas Nirmal et al. (2010) utilized nano-particles
of 100 nm to examine composites' wear rate. Durand's find-
ings implied a positive link between particle size and wear
resistance, contrary to the findings of Xing and Li. Due to
variations in testing parameters, the results exhibited con-
flicting outcomes. Durand exerted a force of 10 N, whereas
Xing and Li applied a load of 2 N. In 2010, Salisu et al.
(2016) used NaOH-treated betel fibers to strengthen a poly-
ester matrix, and untreated ones were subjected to tribologi-
cal studies. The study demonstrated that treating fiber with
a 6% NaOH solution improved wear resistance in composite
materials.

The fiber selected for the present study is Acacia nilotica,
a plant that grows to a height of 20 m with a spherical crown.
Its branches are usually made of black and gray-pinkish
stems. It has thin gray spines as auxiliary pairs. It has 3 to
12 pairs, each 7.5 cm long. It has a diameter of 3 cm. It is
usually grown in drier areas of Africa, Egypt, South Africa,
India, and Sri Lanka. It is found on roadsides and agricul-
tural lands in India. It is an isolated tree which is rarely seen
in patches. Birniwa et al. (2019) studied the physio-mechan-
ical characteristics of A. nilotica fiber, which was treated by
alkali, silane, and benzoylation. They concluded that there
was an increase in resistance to the absorption of water and
an increase in the interaction between the fiber and matrix.
Jafrey and Panneerselvam (2017) studied the mechanical
characteristics of Acacia niloticalglass fiber/epoxy com-
posites. Acacia nilotica was initially treated by peroxide
and benzoylation treatment processes. They concluded that
the mechanical properties of the composites increased when
chemically treated compared to those untreated.

The Taguchi methodology is most commonly used to
design experiments, which reduces their complexity. It
reduces the number of experiments, and one infers more data
from the least number of experiments. Taguchi methodology
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is applied to the field of product development. It is used to
improve quality, reduce variation, and improve performance.
It can also produce efficient results if multiple factors inter-
act. Several researchers, like Kumar et al. (2022), Joseph and
Panneerselvam (2021), and Vikram et al. (2020), used Tagu-
chi methodology for the design of experiments. ANOVA
methodology is used to find how input factors affect output
performance. It is a statistical tool used to compare means in
the case of multiple groups and to make conclusions about
the dataset being studied.

Optimization is the standard methodology for find-
ing optimized parameters from multiple output param-
eters. Researchers used various optimization techniques to
maximize their output values. The VIKOR technique was
applied—in dry and low lubricant conditions—for multi-
response optimization during the conventional turning of
AISI 316L steel (Pandiyan et al. 2021). Fuse et al. (2021)
used response surface methodology to optimize the machin-
ing characteristics of AA6061-T6/15 wt% SiC composites.
Raghunath et al. (2021) utilized both fuzzy AHP and fuzzy
TOPSIS to optimize the EDM machining of Ti6Al4V, with
the experiments being designed according to response sur-
face methodology. Kumar et al. (2013) used the ARAS
approach to utilize LINGO analysis to optimize the mechani-
cal properties of glass and sisal fiber-reinforced composites.
The machinability characteristics of EN 24 steel were opti-
mized by the AHP and VIKOR methodologies by Bahadur
(2000).

It can be concluded from the above literature that there
were works related to extracting and characterizing natural
fibers. A broad literature search revealed no work on manu-
facturing and reinforcing silane-treated A. nilotica fillers in
the epoxy matrix. There were also no works related to the
tribological characteristics of silane-treated A. nilotica fillers
in epoxy matrix. The current study commenced by extracting
A. nilotica fibers from the bark, which were retted manu-
ally to produce fiber. The extracted fibers underwent silane
chemical treatment. Subsequently, the acquired fibers were
pulverized to create fillers. The hand layup technique was
employed for the production of composites. The fabricated
composites were examined for tribological characterization
by two-body abrasive wear. The tests were planned using an
orthogonal L-16 array. The VIKOR approach was used to
optimize the results. Finally, worn surface morphology was
used to study wear mechanisms.

Materials and methods

This section details the material utilized, the manufacturing
procedure, and the tribological characterization of the cre-
ated composites.

Material selected

The investigation's matrix was chosen as LY 556-grade
epoxy, which had better chemical resistance, was compat-
ible with all manufacturing processes, and was readily avail-
able. In the current investigation, HY 951 was selected as the
hardener as it was compatible with LY 556, had better curing
properties, and resisted chemicals. The Huntsman Company
provided both resin and hardener. The natural fiber selected
for the present study was A. nilotica, belonging to the family
of flowering trees, Fabaceae. Initially, the bark was collected
from the tree and soaked in water for 20 days to facilitate the
loosening of the fiber bundles. The fibers were subsequently
extracted from the loosened barks using hand retting. Sub-
sequently, the fibers were subjected to a seven-day drying
process under direct sunlight to eliminate surface moisture.
In the current investigation, silane-treated A. nilotica fibers
were used as reinforcement; 2% 3-glycidoxypropyltrimeth-
oxysilane was mixed with a mixture of distilled water and
ethanol in a ratio of 1:1 to obtain the silane solution. A pH
of 4 was maintained using a glacial acetic acid solution.
Silane-treated A. nilotica fibers were prepared with 250g
fiber in silane for 2 h. It was dried in a hot air oven at 50 °C
for 24 h. Then, silane-treated A. nilotica fibers were grinded
using a universal milling machine and sieved to 50-70 pm.
The chemical composition of silane-treated A. nilotica filler
is shown in Table 1.

Composites manufacturing

The hand layup method was used to produce the compos-
ites. The epoxy matrix was reinforced with four distinct
compositions of silane-treated A. nilotica filler samples
identified as 1, 2, 3, and 4 with weight percentages of
0, 2, 4, and 6 silane-treated A. nilotica filler with the
remaining resin matrix. A mold release agent was first
applied to remove the material from the surface. Polywax
was used as a mold release agent in the present study. A

Table 1 Chemical constituents of silane-treated and untreated Acacia nilotica filler

Cellulose filler name Cellulose (Wt%) Hemicellulose  Lignin (wt%) Wax (wt%) Moisture con-  Ash (wt%)
(Wt%) tent (%)

Silane-treated Acacia nilotica 51.3 5.1 39 1.2 54 8.5

Untreated Acacia nilotica 47.6 6.9 4.8 2.3 7.6 9.3
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Fig. 1 SEM image of 6 wt% silane-treated Acacia nilotica filler-based
composite

10:1 ratio between epoxy and hardener was maintained.
The epoxy-hardener mixture was then supplemented with
reinforcement. After pouring the combined solution into
the die material, it cured at room temperature. The wear
test samples were cut according to ASTM specifications

using an abrasive water jet cutter (Sudheer et al. 2014).
The SEM image of 6 wt% silane-treated A. nilotica filler-
based composite is shown in Fig. 1. The SEM image noted
that there was good interfacial adhesion between the fillers
and matrix as a result of silane treatment.

Two-body abrasive wear studies

Using pin-on-disk equipment, friction and wear proper-
ties of the manufactured composites were assessed by
ASTM G99-05. The line diagram of the tribological setup
is shown in Fig. 2. The samples were initially cleaned with
acetone, and the uniformity of the contact surface was
examined. The steel disk that served as the counter face
was covered with 320-grit abrasive paper. The input pro-
cess parameters for the experiments were material (wt%),
load (N), and sliding distance (m). Table 2 shows the input
process parameters. A constant 0.5 m/s sliding velocity
was set throughout the entire experiment. The studies were
conducted using L-16 orthogonal arrays, and the output
process parameters evaluated were COF and SWR. COF
and SWR are calculated using Eqgs. (1 and 2).
Equations: 1 and 2.

Fig.2 Line diagram of pin-on- Lever
disk setup (Formisano et al. Mechanism 320
. rit
2016) A\ Specimen & ger
\ holde\t: P: E
COF
oo
0
m) Wear (micrometers) ﬂt::" "
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5 OO0 O
0
0
\ / [ \ \ \
N, / If)epth Frictiona] Temper Rofational 1y,
of wear ture speed
force a P
Load Mot Control T
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Table2 Input and output . Factor Process parameter Unit Levels
process parameters and their
respective levels Level 1 Level 2 Level 3 Level 4
A Material wt% 0 2 4 6
B Load N 10 20 30 40
C Sliding Distance m 100 200 300 400
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Wy =Wy Frictional Force(F)

SWR = ———= COF =
pPXNXS M Applied Load (N) &

where w; and w,—weight of specimen before and after test,
p—material density (g/mm?), N—applied Load (N), and
S—sliding distance (m).

Table 3 Input parameters with their output responses for all the
experiments

Sl. no. Input parameters Output parameters

Mate- Load (N) Sliding SWR (mm?/N-m) COF (W

rial distance

(wt%) (m)
1 1 5 100 9.142 0.32929
2 1 10 200 8.723 0.32266
3 1 15 300 5.836 0.29835
4 1 20 400 3.835 0.27073
5 2 5 200 8.815 0.29617
6 2 10 100 7.500 0.28247
7 2 15 400 4.500 0.26455
8 2 20 300 3.406 0.26245
9 3 5 300 5.491 0.24047
10 3 10 400 4.838 0.23558
11 3 15 100 5.930 0.23362
12 3 20 200 4.543 0.24047
13 4 5 400 4.664 0.22927
14 4 10 300 3.542 0.22267
15 4 15 200 4.145 0.22738
16 4 20 100 3.923 0.21606

Fig. 3 Main effect plots of SWR
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Results and discussion

The experiments were planned and carried out according to
L-16 orthogonal arrays. The SWR and COF were analyzed,
and the results are discussed in the following section. The
input and output values are shown in Table 3.

SWR

The main effect plots concerning the SWR for input factors
are shown in Fig. 3. The manufactured epoxy composites
revealed a high SWR of up to 200 m, and with a further
increase in sliding distance, SWR values decreased. When
the sliding distance was 400 m, the outer layer became
exposed, forming a transfer layer on the abrading surface.
When the material slid over the same layer repeatedly, SWR
decreased. The transfer layer on the surface served as a lubri-
cating layer to prevent more material from being removed for
higher sliding distances. When the sliding distance was set
at 100 m, the layer was not exposed fully, which increased
SWR values. Thus, the failure to form the transfer layer
increased SWR values. A similar trend was also observed
by Jafrey and Panneerselvam (2020).

Figure 2 demonstrates a drop in SWR when a load of
40 N was applied, with an increase in SWR values when a
load of 10 N was applied. The outer layer was exposed at
higher loads, thereby exposing the added filler material. The
exposed filler material acted as a thermal insulator, reducing

Main Effects Plot for SWR

Data Means
Laod (N) Sliding Distance (m)
4 10 20 30 40 75 150 225 300
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SWR values. The transfer layer formed was also a reason for
SWR reduction at higher load values. When the material
was considered, pure material's SWR value was maximum.
The main cause of the higher SWR values was the absence
of fillers. SWR values decreased due to the addition of filler
to the epoxy matrix. SWR values dropped as the amount of
fillers in the epoxy matrix increased. Due to their interaction,
better bonding between the filler and matrix leads to reduced
SWR values. Nirmal et al. (2010) also concluded that there
was a decrease in SWR due to an accumulation of fillers in
the manufactured composites.

COF

The main effect plots concerning input parameters for output
parameters are shown in Fig. 4. Due to the change in the area
of contact and the manufactured epoxy composite’s strength
(shear), there was an increase in friction before reaching a
steady state. The epoxy matrix shared the load, and fillers
were added to it. The COF was highest for the pure epoxy
material (i.e., 0 wt%) and decreased as the percentage of
reinforcement increased. The variation of COF concerning
the applied load is shown in the figure. It is evident from
the figures that the values of COF decreased as the values

Fig.4 Main effect plots of COF

of load increased. The decrease in COF values was due to
a change in temperature at the contact surface. When the
load was set at 40N, heat accumulation was more significant,
resulting in the partial melting of the material and the forma-
tion of a lubricating surface on the abrasive surface. So, the
lubricating surface was a key reason the COF values went
down as load values increased.

The values of COF concerning the sliding distance are
shown in Fig. 2. There was a quick increase in COF values
up to 200 m sliding distance and a decrease after a further
rise. The clogging of materials on the wear surface was the
reason for decreased COF values at higher sliding distances.
Jankovic et al. (2021) also concluded that when sliding dis-
tance increased, there was a decrease in COF in the polypro-
pylene composites. A similar observation was also reported
by Pandiyan et al. (2022).

ANOVA

The methodology used to determine whether an input pro-
cess parameter predominates the output process parameter is
known as an ANOVA (Bhuyan and Routara 2016). Tables 4
and 5 display the COF and SWR ANOVA results. The fact
that the calculated F values were higher than the F table

Main Effects Plot for COF

Data Means
Material (wt. %) Load (N) Sliding Distance (m)
031
030
029
S 0
(V]
%5 027
=
o 026
b
025
024
023
022
1 2 4 5 1 5 20 100 200 300 400
Table 4 ANOVA values of COF g e DOF  Adj.SS Adj. MS Fup  Fu % contribution
Material (wt%) 3 0.016508 0.005503 4.76 101.64 84.51
Applied load (N) 3 0.001586 0.000529 4.76 9.77 8.12
Sliding distance (m) 3 0.001113 0.000371 4.76 6.85 5.69
Error 6 0.000325 0.000054 - 1.68
Total 15 0.019532 100
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;i;'lg 5 ANOVA values of Source DOF  Adi.SS  Ad.MS  Fu,  Fu % contribution
Material (wt%) 3 17.407 5.8024 476 3285 3039
Applied load (N) 3 21521 7.1738 476 4061 37.58
Sliding Distance (m) 3 17.271 5.7570 476 3259 30.16
Error 6 1060 0.1767 - - 1.85
Total 15 57.260 - - - 100

VEGAJ TESCAN

200 pm

SEM MAG: 250 x WD: 25.54 mm
SEM HV: 10.0 kV Det: SE

View field: 830 pm Date(m/dly): 04721/21 SASTRA

Fig.5 Worn surface morphology of pure epoxy composite sample (0
wt% filler)

values in ANOVA demonstrates that all input factors were
significant. Tables 4 and 5 reveal that material (84.51%) was
the primary factor for COF. By 37.58%, the applied load was
the most critical factor in SWR. Sliding distance was the
least important factor in both situations.

Worn surface morphology

Worn surface morphology is used to study wear mechanisms
on the abraded surface. A scanning electron microscope is
used to study the microstructure of the abraded surfaces.
Figures 5 and 6 show the SEM images of pure epoxy and 6
wt% silane-treated A. nilotica filler-based composite sam-
ples. Figure 4 clarifies that, compared to other materials, the

SEMMAG: 250 x
SEM HV: 10.¢ kV

W0: 26,71 mm
Det: S5

VEGA3 TESCAN

View Sekl: 83) pm  Date(miary|: 0321721 SASTRA

Fig.6 Worn surface morphology of 6 wt% silane-treated Acacia
nilotica filler-based composite

absence of fillers leads to significant wear loss. The image
demonstrated how matrix deformation and cracking parallel
to the sliding direction emerge. Figure 5 indicates that wear
resistance increased with the addition of fillers. The filler
acts as a third particle to stop wear from developing, increas-
ing wear resistance. Hence, the worn surface morphology
results were similar to the experimental results.

Regression equation
The polynomial equation was developed to analyze the
output response using statistics. The minus and plus signs

denote the external and internal influences on output qual-
ity. The R-sq. values of SWR and COF were 98.15% and

@ Springer



7402 Chemical Papers (2024) 78:7395-7407

Fig.7 Residual plots for MRR

Probability Plot of SWR
Normal - 95% CI

99
Mean 5.552
StDev 1954
95 N 16
o0 AD 0.886
P-Value 0.018
80
70
T 60
(7]
g 50
& 40
30
20
10

98.34%, respectively. The regression equation for SWR and
COF is shown in Egs. (3 and 4).

SWR =5.552 + 1.332 Material(wt%)_1 + 0.503 Material(wt%)_2
— 0.352 Material(wt%)_3 — 1.484 Material(wt%)_4
+ 1.476 Load (N)_10 + 0.599 Load(N)_20 — 0.450 Load (N)_30 3)
— 1.625 Load(N)_40 + 1.071 Sliding Distance(m)_75
+ 1.004 Sliding Distance (m)_150 — 0.983 Sliding Distance(m)_225
— 1.093 Sliding Distance(m)_300

Fig. 8 Residual plots for COF

Probability Plot of COF
Normal - 95% CI

929
Mean 0.2608
StDev  0.03609
95 N 16
90 AD 0.537
P-Value 0.142
80
70
T 60
[J]
g 50
o 40
30
20
10

0.15 0.20 0.25 0.30 0.35 0.40
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COF =0.26076 + 0.04449 Material(wt%)_1 + 0.01565 Material(wt%)_2
—0.02323 Material(wt%)_3—0.03692 Material(wt%)_4
+ 0.01304 Load(N)_10 + 0.00508 Load (N)_20
—0.00478 Load (N)_30-0.01334 Load(N)_40
+ 0.00460 Sliding Distance (m)_75 + 0.01091 Sliding Distance(m)_150 @)
— 0.00478 Sliding Distance(m)_225-0.01073 Sliding Distance (m)_300

vs. residual plots, the predictable output values of residu-
als fit the experimental data with no error. SWR and COF
standard residual distributions are depicted in the histogram.
Figures 6 and 7 reveal that all the points fall within a straight
line, indicating normally distributed data.

Residual plots

The residual plots for SR and MRR are shown in Figs. 7
and 8. The 45° single-direction observations in these fig-
ures show a typical probability contribution and decline, as
shown by the systematic possibility graphs. According to Fit

Fig.9 Schematic of the optimi-
zation process ( Multi criteria decision making process >
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Determination of weights criteria by Entropy

The mathematical assumption used to establish weights for
MCDM problems was put forth by C.E. Shannon in 1948.
By rating the alternatives according to their performance
traits, the MCDM-based technique evaluates ideal process
parameters. The weights determined by entropy techniques
were defined using the following processes. A schematic
of the optimization process is shown in Fig. 9.

Step 1:  Decision matrix normalization (P)
: The normal decision matrix is calculated by Eq. (5).

i

p.o=—"
i m ®)
2o Xy
(ie{1,2,..n}, (e{l,2,..m})); where X;—of ith attrib-
ute on jth criterion performance value.
Step 2: Estimation of entropy:
Equation 6 is utilized for the calculation of entropy.

m
Ej=-K 2, pylnp; ©6)
=1

where k = 1/ 1n (m).
Step 3:  Entropy weight criteria calculation (W)):
1-E
) @
where W,—weights criteria.

The above equations calculated weights as 0.861 for
SWR and 0.138 for COF.

VIKOR methodology

The following steps are followed for the VIKOR
methodology
aaa:

Step 1. Construction of decision matrix (x;):

X1y Xpp .- X
X1 Xpp vt Xy

" ®)

m

X - [xll] nxm

Xnl X2 * Xp=1

n=

where X; (X;20), (e {1,2, ... n} and e {1.2, ... m}
indicates the performance value of ith attribute on jth
decisive factor.

Step 2. Calculation of linear normalized decision matrix

performance values:
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I1=12,..m, j=12,...n

©
Step 3. Utility assess (S;) and regret assess (R;) calculation:

S = Z wi(f = fl.j) /(f =f7) For Beneficial Attributes
p
(10)

S; = Z w; (fl* - fl]) / (f:* - fl_) for non — beneficial attributes
i=1

an
R, = max [w; (£ - flj) /(ff =f)] for beneficial attributes
12)
R; = max [w; (f = fy) /(ff =f;)] for non beneficial attributes
13)

Step 4. Q, value calculation:

(S —5%) (R, — R¥)

Q=Vr g TR (14)

(V values lie between O to 1, as we take 0.5)

Step 5. Q; value ranking calculation

: Table 6 shows that experiment number 14 had the
greatest appraisal score of 0.988, which was nearer 1.
The VIKOR score revealed that the input parameters,
like material, were 6 wt%, load at 20 N, and sliding
distance of 225 m and they yielded better characteris-
tics. Based on the evaluation, the options were sorted
according to the appraisal score values as 14 <8< 16

<4<15<12<7<2<10<9<11<3<6<5<2<1.

Conclusions

The A. nilotica fibers were initially collected from the bark
and transformed into fibers through manual retting. It was
then treated with silane, dried, and crushed into the filler.
Composites containing 0, 2, 4, and 6 wt% silane-treated
A. nilotica filler-based epoxy composites were produced
through hand layup. The tribological performance was
studied by the two-body abrasive wear process using L-16
orthogonal arrays with input process parameters like mate-
rial, load, and sliding distance. Outputs evaluated were SWR
and COF. The experimental results showed that adding 6
wt% filler, 10N load, and 400 m sliding distance increased
wear resistance. SWR values decreased by 61.2%, and COF
values decreased by 34.3% in the case of 6 wt% composites
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when compared with unreinforced composites. The ANOVA
findings revealed that the applied load was the main factor
for SWR, whereas for COF, the material had more influ-
ence. From the output of the VIKOR methodology, param-
eters like 6 wt%, load at 20 N, and 225 m sliding distance
had the best appraisal score. Worn surface morphological
characteristics showed that adding filler boosted wear resist-
ance, matching the results of the experimental investigations.
Experiment number 14 had the greatest appraisal score of
0.988, which was nearer 1. The VIKOR score revealed that
input parameters like material with 6 wt%, a load of 20 N,
and a sliding distance of 225 m yielded better characteristics.
Based on the evaluation, the options were sorted according
to their appraisal score values as 14 <8< 16<4<15<12<
7<2<10<9<11<3<6<5<2<1.
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