
Research Article
Mechanical andThermalBehaviourofRiceBranGreenComposite
Using RSM and Design of Experiment Techniques

Savendra Pratap Singh ,1 Akriti Dutt,2 Chetan Kumar Hirwani ,3

and Sailesh Chitrakar 4

1Rajkiya Engineering College Azamgarh, Sikraura, Uttar Pradesh 276201, India
2Department of Agriculture, Government of Uttar-Pradesh, Lucknow, India
3National Institute of Technology, Patna, Bihar 800005, India
4Department of Mechanical Engineering, School of Engineering, Kathmandu University, Dhulikhel 45200, Nepal

Correspondence should be addressed to Sailesh Chitrakar; sailesh@ku.edu.np

Received 30 September 2022; Revised 11 October 2022; Accepted 24 November 2022; Published 23 January 2023

Academic Editor: Temel Varol

Copyright © 2023 Savendra Pratap Singh et al.Tis is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Te aim of this research is to synthesise a cost-efective biodegradable green composite for various low- and medium-load
applications. Te tensile and fexural results reveal that the rice bran composition in green composite enhances the stifness of
composite, while strength and hardness decrease. Te highest values of tensile strength 27MPa and fexural strength 25MPa were
obtained for 15/85 treated rice bran composites, while the highest value of young modulus 2958MPa was obtained for the 35/65
composite combination.Te highest value of hardness, i.e., 11 HRF was obtained for 15/85 treated rice bran composite. Te water
absorption test reveals the hydrophilic nature of rice bran and the hydrophobic nature of PLA. Results also reveal better water-
absorbing properties of the green composite due to the surface treatment of rice bran. Te lowest density of 1.001 g/cm3 found for
the 50/50 composite combination means the addition of rice bran makes the composite light in weight. Te thermogravimetric
analysis performed on the composite to analyse its thermal behaviour shows that major weight loss occurs approximately in the
temperature range of 80–350° Celsius. Te response surface methodology (RSM) and design of experiment (DOE) optimization
model were developed to fnd that the optimum condition for maximum weight loss reveals two desirable conditions, i.e., 500°
Celsius and 424.85° Celsius. ANOVA analysis reveals that the obtained results are signifcant.

1. Introduction

Tere is widespread awareness that the world’s petro-
chemical resources are not only limited but also expensive to
manufacture, contribute to climate change, raise carbon
footprint, and pose waste management issues [1]. All of these
lead to a rise in demand for polymeric composites made
from sustainable and environmentally friendly rawmaterials
rather than petrochemicals. An environmental burden and
high demand for lightweight, high-strength materials incite
researchers to search for new biodegradable composite
materials to fulfl today’s needs. Polylactic acid (PLA) is the
best known biodegradable biopolymer extracted from nat-
ural resources such as sugarcane and corn that may be used

as matrix materials with reinforcement of various natural
fbres to manufacture a number of biodegradable green
composite materials. Natural fbres can be added in diferent
forms like powder, particulate, fakes, or in fbrous form.
PLA at present is considered one of the most promising
biodegradable polymer materials that have been subjected to
an abundance of literature over the last few decades [2, 3].
PLA can be processed using various processing techniques
such as injection moulding, hand layup, compression
moulding, extrusion, and additive manufacturing. PLA also
has a wide range of application in the feld of packaging. At
present, PLA-based composite materials are mainly used in
three diferent felds, namely, medical applications, pack-
aging, and textile industry [4]. When PLA get mixed with
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natural fbres, it forms a green composite that has a wide
range of applications in aircraft, automotive, electrical,
sports, construction, medical, and various other felds, with a
prime focus on environmental protection. Green composites
have the ability to replace plastics and petrochemicals in the
future by enhancing their properties and may be used as
structural materials in the future [5, 6]. Surface treatment of
natural fbres enhances their mechanical properties and
makes them suitable for automotive applications. In many
natural fbres, surface treatment afects their colour and
thickness [7, 8]. With increase in fbre volume fraction in
composite, mechanical properties of composite gets im-
proved up to certain limit; after that, it starts degradation in
mechanical properties like mechanical properties with 13.6%
hemp fbre found more superior than 7.9% and 17.6% [9].
With fbre treatment, mechanical properties get enhanced
because the untreated portion of the fbre does not carry load
in composite rather increase its fbre volume ratio [10].
Termogravimetric analysis of PLA shows that PLA is more
thermally stable as compared to PLA composites, but
composites are prepared to meet the society requirements.
Composite fbre and matrix adhesion gets improved with
treatment of fbres with NaOH and enhances water ab-
sorption [11]. Date palmwood powder as fller in PLA can be
used as a thermal insulating material [12].

A review of the literature shows that silane treatment of
natural fbre raises the surface energy of rice husk and re-
duces its moisture sensitivity. Due to the alkaline treatment
of fbres, hemicellulose, lignin, and wax get dissolved [13].
Addition of rice husk as reinforcement in composite en-
hances its wear properties as well as thermal conductivity
decreases with addition of rice husk into PLA composite, but
brittleness and high cost of PLA hinder its application in
broad variety [14–16]. Te mechanical properties of rice hull
PLA composites are strongly afected by the types of rice
husks used as well as afected by the poor interfacial bonds
between the rice hulls and matrix [17]. PLA-based green
composite materials have the ability to not only replace steel
and wood but also challenge many nonbiodegradable
polymer composites [18]. Te addition of sisal fbre to the
PLAmatrix improves themechanical and thermal properties
of green composites. With increase in fbre content, me-
chanical properties enhance. Te treated sisal fbres have a
lower thermal degradation temperature than untreated sisal
fbres. Te rate of degradation of composites increased in an
enzymatic environment [19]. Te soil burial of rice straw
powder improves its thermal stability, but the mechanical
properties of the composite get depressed [20]. With the
addition of food and agricultural wastes such as Citrus
limetta (mosambi), tea mill waste, wood four, and rice husk
to suitable matrix materials such as epoxy, PLA, and
polyester, they can be converted into useful materials. Te
addition of untreated mosambi powder to epoxy resin re-
duces its mechanical properties due to weak interfacial
adhesion. Similarly, many agroindustrial wastes can be
converted into useful materials [21, 22]. Termal, me-
chanical, and chemical properties of sugarcane bagasse may
be improved by surface modifcation with NaOH treatment
[23]. Fibre content plays a major role than fbre length in

composite properties. Te experimental results reveal the
application of bagasse/basalt fbre PLA composites in low-
and medium-load applications due to their high availability
and low cost. Te water absorption rate of composite en-
hances with increases in fbre volume [24].

From the above literature work, it has been seen that re-
searchers mostly focus on the mechanical characterization of
various natural fbre composites and the work related to the
optimization of properties has received less attention. Tere-
fore, in this study, we prepare a green composite and fnd out
the optimum conditions for better use of it using modern
optimization techniques such as response surface methodology
(RSM) and design of experiment (DOE). Te addition of rice
bran to PLA matrix has been done to prepare a cost-efective
biodegradable composite that can be used in various low- and
medium-load applications such as three-dimensional printer
fuid, packaging, and thermal insulating material. Mechanical
testing has been done to see the behaviour of composites under
diferent loading conditions. Termal behaviour of composite
has been analysed to examine its thermal behaviour. A
hardness test has been carried out for the calculation of the
surface hardness of composites.

2. Materials

In the present study, 100 g of sieved rice bran powder pur-
chased from the local market in Lalganj, Azamgarh, Uttar
Pradesh, India (276202), has been taken as the reinforcement
material, and polylactic acid obtained from the Chemistry Lab
of Rajkiya Engineering College, Azamgarh, Uttar Pradesh,
India (276201), has been considered as the matrix material.
Initially, PLA pallets were kept in steel mould of size
300mm× 300mm× 3mm in one layer followed by rice bran
and then upper part of mould cavity was again flled with rest
amount of PLA pallets. After flling, themouldwas closed using
steel plates. Ten, rice bran PLA-flled mould was kept in the
compression moulding machine and a pressure of 150 bar and
temperature 110 degrees Celsius (Deg C/0C) were applied on it
for curing time of 3-4 hours. After preparation of lamina, the
specimenswere cut further with the help of hacksaw for various
testing. Te surface treatment of rice bran was performed with
the help of 1M NaOH for 30min by soaking in it.

3. Testing Standard

After preparation of green composite laminates, the tensile
test specimens in diferent combinations were cut using a
hacksaw as per the ASTM D638 standard with dimensions
165mm length, 19mm width, 3mm thickness, and gauge
length 57mm, as shown in Figure 1. Te rice bran has been
selected in fve diferent combinations, namely, 15/85, 20/80,
30/70, 35/65, and 50/50, respectively, with gauge length of
50mm and thickness of 3mm for all specimens. In the
combination, frst shows the weight percentage of rice bran
and second the respective PLA amount. Based on results, 15/
85 (15% rice bran and 85% PLA) combination has been
washed with NaOH treatment to analyse the efect of surface
treatment on mechanical properties with adhesion of rice
bran with PLA. Te tensile test was performed using the
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universal testing machine with modal number SOM-556
provided by Neelam Engineering Company, Agra, Uttar
Pradesh, India, with testing speed of 2mm/min, and the
experiment was performed at room temperature.

Flexural testing, also known as three-point bending
testing, is performed on composite materials to see the
behaviour of composite-like force required to bend it or its
fexural resistance. Specimen was prepared as per ASTM
D790 standard, and the length (l), breadth (b), and the
thickness (l) of specimen were considered 140mm, 15mm,
and 5mm, respectively, as shown in Figure 2.

Te Rockwell hardness test was performed using the
hardness testing machine provided by Neelam Engineering
Company on composite specimens as shown in Figure 3 to
calculate the surface hardness. A standard specimen is placed
on the surface of the Rockwell hardness testing machine. A
minor load of 10 kg is applied, and the gauge is set to zero. After
10 seconds, the load is removed, the specimen is allowed to
recover for 10 seconds, and the hardness is read of the dial with
the minor load. Te size of the test specimen made from the
composition of PLA and rice bran is taken according to the
ASTM D785 standard with a 6.4mm thickness in a round
shape. Te fgure of the specimen is shown in Figure 3.

Apart from the above tests, to see the compatibility of
rice bran PLA composite as three-dimensional printer fuid,
a water absorption test, density test, and thermogravimetric
analysis were done. Te thermogravimetric analysis (TGA)
is done to determine the thermal stability of composites,
which is needed in the designing and manufacturing of
goods whose thermal stability is required.

4. Experimental Results

4.1. Tensile Test. Te tensile test was performed on various
combinations of rice bran and PLA composite, and the
results are shown in Table 1. From Table 1, it is clearly visible
that the addition of rice bran to PLA has a negative efect on
its tensile properties. It happens due to poor interfacial
bonding between the matrix and reinforcement due to the
untreated rice bran powder used. Te maximum tensile
properties, i.e., tensile stress at break 18.2MPa and corre-
sponding young modulus 3500MPa were found for 15/85
weight percentage combination. One more reason for the
negative result may be due to the hydrophobic nature of PLA
and hydrophilic nature of rice bran, but due to the surface
treatment of rice bran, the stress increased by 48.35% and the
elastic modulus by 6.85%. Tis is due to an increase in
interfacial bonding between rice bran and PLA due to the
removal of undesirable content like lignin from rice bran.
Te stress values decreased with an increase in rice bran
weight percentage, and the modulus of elasticity was found
maximum for the 35/65 combination. Te lowest values of
peak stress and young modulus were found to be 8.5MPa
and 2650MPa, respectively, for 50/50 combination, and
young modulus is 6.85% higher than the 15/85 composite
combination. It means the addition of rice bran into
composite enhances the stifness of composite. Te peak
stress of 50/50 combination decreased 53.29% as compared
with 15/85 composite combination. Te highest value of

young modulus is found at 2958MPa for the 30/70 com-
posite combination, which is 19.27% higher than the 15/85
composite combination. From the tensile test results, it is
clearly visible that with an increase in rice bran percentage,
the value of young modulus also increases up to 30/70
combination and decreases for 50/50 combination suddenly.

4.2. Flexural Test. Te three-point bending test was per-
formed on the same machine as the tensile test and results are
shown in Table 2. Te length, breadth, and thickness of the
specimen were taken as 140mm, 15mm, and 5mm, re-
spectively, to perform the three-point bending test as per the
ASTM D790 standard. From Table 3, similar variation results
are obtained. With the mixing of untreated rice bran with
PLA, due to weak adhesion between rice bran powder and
PLA, the fexural properties are decreasing with an increase in
rice bran percentage.Te maximum stress was 18.5MPa with
15/85 composite combination, and due to surface treatment
of 15/85 combination composite, the fexural properties of
fexural modulus and stress improved by 4.16% and 35.13%,
respectively, as compared with 15/85 composite combination
of untreated rice bran. For 20/80 composites, the stress di-
minishes by 15.13% as compared with 15/85 combination, but
fexural modulus increases by 4.58% as compared with 15/85
combination, and it happens because the addition of rice bran
to composite increases the stifness of composites. Te
maximum value for fexural modulus 3091MPa was found
maximum for 50/50 combination and increased by 7.32% as
compared with 15/85 composite combination. Te lowest
stress value 16.5MPa was found for 50/50 composite com-
bination. Te surface treatment of rice bran powder enhances
the mechanical properties of composite because it removes
the undesired part from rice bran such as dust and lignin.

4.3. Hardness Test. Te Rockwell hardness test has been
performed, and the obtained results are shown in Table 2.
From Table 4, it is clearly visible that the hardness values are
decreasing with an increase in rice bran powder percentage.
Due to the addition of untreated rice bran powder to
composites, the hardness of the composite decreases due to
poor interfacial bonding between rice bran and PLA, but on
the other hand, due to the surface treatment of rice bran, the
hardness increased by 22.22% with the same rice bran
combination, i.e., 15/85 combination. It means surface
treatment enhances interfacial bonding between rice bran
and PLA due to the removal of undesirable contents from
raw rice bran. In combination, the maximum value of
hardness is found to be 9 HRF for 15/85 composite com-
bination and the lowest hardness value was found to be 5.7
HRF for 50/50 composite combination, that is, 36.67% less as
compared with 15/85 composite combination. Te harness
of other composite combinations for 20/80, 30/70, and 35/65
was found to be 13.33%, 20%, and 28.89%, respectively.

4.4. Water Absorption Test. A water absorption test was
carried out on rice bran PLA composites to investigate the
swelling behaviour of distilled water.Te specimen opted for
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the water absorption test is as per ASTM D570 standard size
60mm× 60mm× 1mm. Te size of the test specimen has
been considered 60mm× 60mm× 1mm in length, width,
and height, respectively. Te cutting of test samples has been
done with the help of hack saw at atmospheric conditions.
After cutting the test samples, the samples were dried for 24

hours in a hot oven at a temperature of 60° Celsius (Deg C)
overnight. After the cooling and drying processes, samples
were weighted using a weighingmachine. After that, samples
were dipped in distilled water for 25 days at room tem-
perature. Te water absorption percentage is calculated by
the following equation [25–27].

(a) (b) (c) (d) (e) (f )

Figure 1: Specimen of PLA and rice bran composite with diferent ratios in wt. %: (a) 15/85. (b) 20/80. (c) 30/70. (d) 35/65. (e) 50/50.
(f ) Neat PLA.

Figure 2: Flexural test specimen.

Figure 3: Hardness test setup.

Table 1: Tensile test result of rice bran PLA composite.

Sr. no. Rice bran/PLA in wt% Young’s modulus (E) in MPa Stress at break (σ) in MPa Strain at break (%)
1 Neat PLA 3500 59 7
2 15/85 2480 18.2 1.45
3 20/80 2590 17.5 1.34
4 30/70 2765 10.2 1.02
5 35/65 2958 9.7 1.00
6 50/50 2650 8.5 1.15
7 Treated 15/85 2650 27 2.5
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Water absorption percentage Wg  �
Wws − WDs

WDS
∗ 100,

(1)

whereWg denotes the percentage weight gain of specimen,
WWS denotes the weight of wet specimen, and WDS de-
notes the weight of dry specimen or baseline weight of
specimen.

To perform the water absorption test, the weight of test
samples was considered and recorded at 0, 10, 15, 20, and
25 days. Te outcome is shown in Figure 4. From the graph,
it is clearly visible that with an increase in rice bran per-
centage, the amount of water absorption also increases. It
reveals the hydrophilic nature of rice bran. Te highest
water absorption rate has been reported for the 50/50
composite combination, while the lowest value has been
reported for the 15/15 composite combination. Due to the
surface treatment of rice bran, its water absorption
properties also get improved and are found to be the best in
all combinations. Most of the components in rice bran,
including lignin, hemicellulose, cellulose, and other soluble
contents, contain polar groups that make rice bran hy-
drophilic by nature. When these constituents react with
water, they form hydrogen bonds. Terefore, the higher the
rice bran content in the composite, the higher the per-
centage of water absorption, and this makes the composite
weaker in its mechanical properties.

4.5. Density Test. Te density test of rice bran PLA composite
has been performed in air, water, petrol, and diesel using the
Archimedes principal, and the average values of density are
shown in Table 4. From Table 4, it can be concluded that with
the addition of rice bran to PLA, density decreases due to the
light weight of rice bran powder.Te highest value of density,
1.023 g/cm3, was found for the 15/85 composite combination,
while the lowest value of density, 1.001 g/cm3, was found for
the 50/50 composite combination. After surface treatment
with NaOH, the value of density increases to 1.031 g/cm3 due
to the removal of light-weight constituents from rice bran.

4.6. Termogravimetric Analysis. Te thermogravimetric
analysis has been carried out in an inert nitrogen atmosphere
with a heating rate of 10°C per minute using a thermogra-
vimetric analyser. Te thermogravimetric study has been
conducted with a nitrogen fow rate of 18ml/min to avoid
unwanted oxidation. Form Table 5, it can be stated that the
initial mass loss reported in rice bran and rice bran PLA
composite is due to moisture absorption up to temperature
80°C and the second mass loss approximately 80°C–350°C is
due to the decomposition of major constituent present in
natural rice bran, i.e., decomposition of lignin, hemicellulose,
and cellulose present in rice bran. Te higher the cellulose
content in rice bran, the thermal degradation rate and the
initial degradation temperature will be higher, and also, it will
produce higher ash content with higher residual weight [28].
Te results reveal the application of rice bran composite to
work as fuid in three-dimensional printing application.

4.7. Response Surface Method (RSM) Design and Design of
Experiment (DOE) Analysis. Using the response surface
method (RSM) design with one element, a totally random
design is taken into consideration. All randomized designs
with a single primary component are distinguished by three
factors, k, L, and n, which, respectively, defne the number of
factors, levels, and replications.

Total sample size(number of runs), N � k L n. (2)

Te response model is given by

Zij � μ + Pi + random error(ε), (3)

where Zij is the observation with respect to X1 � i. Repli-
cation within the level of the factor is indicated by the letters
I and j, respectively.

Pi is a result of receiving treatment level I, while μ
considered as a general location parameter. Te Design
Expert 8.0.6 software is used for experimental design and
statistical analysis of data. Te coefcients of determination
(R2) and analysis of variance (ANOVA) are considered to
examine the good ft and to estimate the regression model.

Te optimal value of T, which is considered a one-factor
design model, is calculated. For producing ten primary
values for three response units (i.e., rice bran weight loss, rice
bran PLA composite weight loss, and neat PLA weight loss),
this component is assigned the values 0 and 1 as low and
high values, respectively. Table 6 shows the results of these

Table 2: Hardness results of rice bran PLA composite.

Specimen Rice bran/PLA in wt. % Hardness (HRF)
1 15/85 9.0
2 20/80 7.8
3 30/70 7.2
4 35/65 6.4
5 50/50 5.7
6 Treated 15/85 11

Table 3: Flexural test results for rice bran PLA composite.

Sr. no. Rice bran/
PLA

Flexural modulus
(MPa)

Stress at peak
(MPa)

1 Neat PLA 2700 32
2 15/85 2880 18.5
3 20/80 3012 15.7
4 30/70 3035 13.6
5 35/65 3045 10.8
6 50/50 3091 16.5
7 Treated 15/85 3000 25

Table 4: Density test of rice bran PLA composite.

Specimen Rice bran/PLA in wt. % Density (g/cm3)
1 15/85 1.023
2 20/80 1.019
3 30/70 1.018
4 35/65 1.015
5 50/50 1.001
6 Treated 15/85 1.031
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calculations.Te values of the ten fundamental variables of T
are randomly assigned to the three responses in a totally
randomized design using equation (2). Now, the expression
defned in equation (3) is used to predict the optimum
temperature for a complete weight loss response.

Y(φ) � αo + 
N

i�1


q

j�1
αiφij + ε, (4)

where T is the predicted response, αo is the intercept,N is the
runs, and q is the number of design variables.

4.8. Response Surface Model Fitting. Te regression model
developed with equation (3) using simulated values of rice
bran weight loss, rice bran PLA composite weight loss, and
neat PLA weight loss gives a good match with the collected
fndings, which is relevant for diferent values of P (prob-
ability that the null hypothesis is true) and adequate ft R2

values. Te coefcients R2, Adj. R2, and adequate precision
are adopted for testing the model. Te model is considered

adequate for P< 0.05, lack of ft for P value >0.05, R2> 0.9,
and adequate precision >4.

Using ANOVA, the model is optimized for maximiza-
tion of rice bran weight loss, rice bran PLA composite weight
loss, and neat PLA weight loss.

A six-degree equation for rice bran weight loss (Y1) with
P< 0.0001, R2 �1, and Adj. R2 �1 is represented as

Y1 � +4.12 − 0.91A − 0.49A2
+ 14.8A3

+ 7.25A4
− 11.13A5

− 6.52A6
.

(5)

Similarly, a six-degree equation for rice bran PLA
composite (Y2) with P< 0.0001, R2 �1, and Adj. R2 �1 is
represented as

Y2 � +3.46 + 9.57A + 33.24A2
− 9.18A3

− 91.83A4
+ 4.00A5

+ 60.35A6
.

(6)

Similarly, a six-degree equation for Neat PLA (Y3) with
P< 0.0001, R2 �1, and Adj. R2 �1 is represented as

Y3 � +0.77 + 1.35A + 9.86A2
+ 22.05A3

+ 3.14A4
− 18.39A5

− 8.77A6
.

(7)

Te weight loss numbers for rice bran, rice bran PLA
composite weight loss, and neat PLA weight loss are based
on the 10 primary T factor values shown in Table 7.

After running the above objectives and constraints, the
obtained ft results are shown in Table 8. From Table 7, it can
be concluded that the best-suited model came up at a

Table 5: Termogravimetric analysis of rice bran PLA composite.

T (Deg C) Rice bran (weight loss %) Rice bran/PLA (15/85 wt. %) weight loss % Neat PLA weight loss %
50 2.5 0.7 0
80 5.2 1.2 0
200 15.6 10.5 0.5
350 18.9 80.4 9.5
500 50.7 92.3 100

Table 6: Optimum model results using DOE.

Number
desirability A R1 R2 R3

1 500 50.7 92.3 100 1 Selected
2 424.85 50 92 100 0.994
3 110.84 4.58994 — — 0.351
4 207.28 16.241 9.78314 0.52678 0.053

Variation of Water Absorption rate with immersion Time in days.
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Figure 4: Water absorption test result for rice bran PLA composite.
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temperature of 500 C for maximum weight loss. Te second-
best prediction for maximum weight loss is found at
424.85C with a prediction value of 0.994. Te third and
fourth best values for maximizing of R1, R2, and R3 are not
very signifcant.

4.9. ANOVA Analysis. ANOVA is a statistical analysis
technique that separates systematic components from ran-
dom factors to account for the observed aggregate variability
within a dataset.Te presented dataset is statistically afected
by the systematic factors but not by the random ones. Te

Table 7: Values of weight loss for rice bran weight loss, rice bran PLA composite weight loss, and neat PLA weight loss as per the 10 primary
values of the T factor.

Run Temperature (T) Rice bran (weight loss %) (R1) Rice bran/PLA (15/85 wt %) weight loss % (R2) Neat PLA weight loss % (R3)
1 424.85 50 92 100
2 50 2.5 0.7 0
3 275 17 12 0.6
4 50 2.5 0.7 0
5 200.07 15.6 10.5 0.5
6 349.93 18.9 80.4 9.5
7 500 50.7 92.3 100
8 275 17 12 0.6
9 500 50.7 92.3 100
10 125.15 6 1.5 0
Objective: maximize R1, R2, and R3. Constraints: 50<T< 500.

Table 8: ANOVA analysis of rice bran.

Source Sum of squares df Mean square F value P value, prob> F Result
Model 41.9626 6 6.993767 63660000 <0.0001 Signifcant
A-A 0.078093 1 0.078093 63660000 <0.0001
A2 0.001454 1 0.001454 63660000 <0.0001
A3 1.477591 1 1.477591 63660000 <0.0001
A4 0.03366 1 0.03366 63660000 <0.0001
A5 1.448628 1 1.448628 63660000 <0.0001
A6 0.057011 1 0.057011 63660000 <0.0001
Pure error 0 3 0
Cor total 41.9626 9

Table 9: ANOVA analysis of rice bran PLA composite.

Source Sum of squares df Mean square F value P value, prob> F
Model 135.9347 6 22.65578 63660000 <0.0001 Signifcant
A-A 8.677553 1 8.677553 63660000 <0.0001
A2 6.591164 1 6.591164 63660000 <0.0001
A3 0.568285 1 0.568285 63660000 <0.0001
A4 5.406708 1 5.406708 63660000 <0.0001
A5 0.187148 1 0.187148 63660000 <0.0001
A6 4.877571 1 4.877571 63660000 <0.0001
Pure error 0 3 0
Cor total 135.9347 9

Table 10: ANOVA analysis of neat PLA composite.

Source Sum of squares df Mean square F value P value, prob> F
Model 186.319 6 31.05317 63660000 <0.0001 Signifcant
A-A 0.172222 1 0.172222 63660000 <0.0001
A2 0.579932 1 0.579932 63660000 <0.0001
A3 3.276912 1 3.276912 63660000 <0.0001
A4 0.006307 1 0.006307 63660000 <0.0001
A5 3.958855 1 3.958855 63660000 <0.0001
A6 0.103052 1 0.103052 63660000 <0.0001
Pure error 0 3 0
Cor total 186.319 9
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ANOVA test is used by analysts to evaluate the impact of
independent factors on the dependent variable in a re-
gression analysis. Te ANOVA results for rice bran weight
loss, rice bran PLA composite weight loss, and neat PLA
weight loss are shown in Tables 8–10, respectively. Te alpha
value was considered 0.5 while performing the ANOVA
analysis. From the obtained results, the P value was found
below 0.5, so it can be concluded that the obtained results are
statistically signifcant.

5. Conclusion

From this study, it can be concluded that cost-efective rice
bran PLA composite may be produced to fulfl the need of
biodegradable material nowadays. Te addition of rice bran
makes composites eco-friendly for the environment, and
rice bran can be used as a biodegradable, eco-friendly fller to
minimize pollution, and it can save the cost of composites.
As the result shows, with increase in rice bran contents in
composite, the stifness of composite enhances but strength
gets decreased. Due to the surface treatment of rice bran, its
mechanical properties are enhanced due to the removal of
unwanted contents from rice bran, and it increases the
adhesion between the matrix and reinforcement. With in-
crease in rice bran content, the density of composite gets
diminished, and the maximum density was reported for 15/
85 composite combination. Te other mechanical properties
were also found to be better for the 15/85 composite
combination as compared with other combinations. Te
water absorption test reveals the hydrophilic nature of rice
bran, and as a result, it shows an adverse efect on the
mechanical properties of composite. Te hardness test
performed on composites reveals that the hardness value
decreases with an increase in rice bran content. Termog-
ravimetric analysis reveals that the thermal stability of neat
PLA is better than the thermal stability of rice bran PLA
composite, but the thermal stability of rice bran PLA
composite is better than rice bran. After optimizing the
model of thermogravimetric analysis of rice bran, rice bran,
rice bran composites, and neat PLA using response surface
methodology and design of experiment, a six-degree
equation is generated with the objective of maximum weight
loss of rice bran, rice bran composite, and neat PLA. An
optimized model is evaluated. So, as per the generated
model, the maximum weight loss of rice bran composite and
neat PLA was found at 500°C. A future scope of checking its
validity as 3D printer fuid may be performed and found
suitable around 500°C.
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Te data used to support the fndings of this study are in-
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[3] C. Xu, V. Möttönen, S. Suvanto et al., “Utilization of logging
residue powder as a bio-based reinforcement for injection
molded poly(lactic acid) biocomposites,” Industrial Crops and
Products, vol. 187, p. 115370, Article ID 115370, 2022.

[4] L. Avérous, “Polylactic Acid: Synthesis, Properties and Ap-
plications,” Polym Compos. from Renew. Resour, pp. 433–450,
2008.

[5] Y. Abhiram, A. Das, and K. K. Sharma, “Green composites for
structural and non-structural applications: A review,” Ma-
terials Today: Proceedings, vol. 44, pp. 2658–2664, 2021.

[6] S. D. S. Kopparthy and A. N. Netravali, “Review: Green
composites for structural applications,” Composites Part C:
Open Access, vol. 6, p. 100169, Article ID 100169, 2021.

[7] D. Verma, M. Sharma, and S. Jain, “An introduction to high-
performance advanced polymers composites, their types,
processing, and applications in automotive industries,” Sus-
tainable Biopolymer Composites, vol. 23, pp. 3–26, 2022.

[8] F. Gapsari, A. Purnowidodo, S. Hidayatullah, and S. Suteja,
“Characterization of Timoho Fiber as a reinforcement in
green composite,” Journal of Materials Research and Tech-
nology, vol. 13, pp. 1305–1315, 2021.

[9] S. Motru, V. H. Adithyakrishna, J. Bharath, and
R. Guruprasad, “Development and evaluation of mechanical
properties of biodegradable PLA/fax fber green composite
laminates,”Materials Today Proceedings, vol. 24, pp. 641–649,
2020.

[10] V. Mazzanti, R. Pariante, A. Bonanno, O. Ruiz de Ballesteros,
F. Mollica, and G. Filippone, “Reinforcing mechanisms of
natural fbers in green composites: role of fbers morphology
in a PLA/hemp model system,” Composites Science and
Technology, vol. 180, pp. 51–59, 2019.

[11] O. Huerta-Cardoso, I. Durazo-Cardenas, P. Longhurst,
N. J. Simms, and A. Encinas-Oropesa, “Fabrication of agave
tequilana bagasse/PLA composite and preliminary mechan-
ical properties assessment,” Industrial Crops and Products,
vol. 152, Article ID 112523, 2020.

[12] B. Abu-Jdayil, M. S. Barkhad, A. H. I. Mourad, and
M. Z. Iqbal, “Date palm wood waste-based composites for
green thermal insulation boards,” Journal of Building Engi-
neering, vol. 43, Article ID 103224, 2021.
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