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ABSTRACT

Paddy straw fiber an agricultural by-product is frequently managed through incineration,
representing a prevalent disposal method. <There.is a need for a solution to help reduce the
harmful effects (air pollution, environmental issues) of burning rice straw. Efforts are being
made to find sustainable and beneficial uses for paddy straw to reduce its environmental
impact. The research gap is exploring the technologies for converting agricultural waste into
innovative products. This paper describes the preparation of composites using paddy straw
fiber-reinforced polyester hio-composites. The chemical treatment involves the paddy straw
fiber to improve the fiber's strength. To delineate the inherent and modified fibers, a range of
assessments were performed, encompassing single-fiber analysis, X-ray diffraction, Fourier
Transform Infrared Radiation, Thermo gravimetric Analysis, and surface imaging. The
strengths of raw and treated fibers achieved the values of 10900 gf and 8540 gf respectively.
Randomly oriented-.composite laminates with the dimensions of 300x300x3 mm and different
weight proportions of 70:30, 60:40, and 50:50 (Untreated and treated) were fabricated using
semi-automatic compression molding. After fabricating the laminates, cutting the specimens
using the!/ASTM standard for evaluation of the mechanical behaviors (Tensile, flexural, impact,
hardness, and shear) and also studied the water absorption in each laminates, and preparation
of the specimens to identify the morphology and structure using a scanning electron
microscope. ALT-3 laminate achieved the maximum values of tensile, flexural (bend), impact,
hardness, and shear values such as 20 MPa, 31 MPa, 62 KJ/m?, 34 HV, and 39 MPa
respectively. Overall results revealed that paddy straw fiber is a very superior material for non-
structural applications.

KEY WORDS: Paddy straw, Fiber Characterization, Mechanical properties, Morphology,
Water absorption rate



INTRODUCTION

The increasing popularity of natural fiber-reinforced composites in polymer matrices is
attributed to their myriad advantages across a diverse array of engineering applications.
Stubble waste management is the main goal of the research, replacing wooden-based products
with agricultural waste. The products will be tested for replacing traditional table tops, wooden
boards, particle boards, medium density fiber, and plywood. Natural fibers, deriving from
distinct sources, can be categorized into three primary types: animal fiber, mineral fiber, and
plant fiber. Plant fibers have shown excellent studyingperformance compared to other sources
of fibers [1-4]. Natural fiber has incredible properties such as inexhaustibility, lower density,
low cost, eco friendliness, non-toxicity, easily disposable, easy processing, handling, and
degradability [5-7]. The primary attributes of fiber-reinforced plastics hinge upon various
factors, including the nature of reinforcement (long fiber, short fiber, and particulates) [8-10],
type of matrix (thermoplastic and thermosetting) [11-13], physical property (diameter, density,
single fiber strength, crystallinity index) [14-16], fiber orientation (Angle wise, unidirectional,
bidirectional and tri axial and randomly oriented) [17-19], chemical things (cellulose, hemi
cellulose, lignin, wax etc.,) [20-22], amount of fiber loading in volume or weight percentage
[23-25], layer sequencing and composite«fabrication methods (handlay up, resin transfer
moulding, and compression moulding) [26-29]. Ashok et al examined the mechanical,
morphological and ballistic impact behaviourof luffa fiber strengthened different type of nano
fillers with epoxy composites [30-32]."Ramesh et al studied the calotropis gigantea fiber
reinforced thermos setting composites. Different fiber orientation was used in this study (0° to
90°). The mechanical properties achieved the maximum value for 0° orientations and also the
composite can survive temperatures of more than 600°C, according to thermo gravimetric
analysis and differential Scanning Calorimetry [33-34].

Muthu. Choza rajan et al the chloris barbata flower fiber/epoxy composites were
characterized through various analytical techniques following the alkali treatment of the fiber.
Thermo Gravimetric Analysis (TGA), Scanning Electron Microscopy (SEM), Fourier
Transform Infrared Analysis (FTIR), and Atomic Force Microscope (AFM) were employed for
a comprehensive  assessment of the composites [35]. Ismail et al
this study delved into the mechanical characteristics of composite materials comprising a
polymer matrix reinforced with rice straw fibers. Derived from agricultural residues, the rice
straw fibers underwent a purification process and were then fragmented into small segments
using a shatter machine crafted locally, prior to their incorporation into the investigation. After

being ground, the fibers were separated by size using a sieve; their diameters ranged from 1.25



to 0.85 mm and their lengths from 20 to 8 mm [36]. Pan Ming Zhu investigated the
crystallization behavior of the paddy straw fiber reinforced high density polyethylene
composites. Paddy straw strand and refined fiber both exhibited higher aspect ratios of 16.31
and 14.48, respectively [37]. Ngo Dinh et al. examined that indications point towards a decline
in the thermal stability of Polypropylene as a consequence of the inherently low thermal traits
of Cellulose fibers. This reduction is particularly notable when Cellulose fibers are loaded to
elevated levels. Nevertheless, it is noteworthy that the temperature corresponding to a 10%
weight loss surpasses 300°C [38]. Samir Kamel et al reported that composites manufactured
from processed rice straw with sodium hydroxide at 80°C produced the highest.bending and
tensile strengths. Composites treated with a coupling agent have better dimensional stability
and mechanical characteristics than untreated ones. As lignin concentration rose, these qualities
become stronger [39]. Akineymi et al the composite boards' waterproof water absorption and
thickness swelling characteristics were superior to those of wood particleboard [40]. These
affordable and easily customizable boards can be utilised to prevent impact damage. They can
be used in place of flexible materials like insulating boards in construction. Numerous workers
have reported on more research on wood-based fillers [53,54,55].

The deforestation and unsustainable logging practices lead to negative environmental
effects which can be reduced by replacement of-agricultural waste [44,45].

In the past few years, numerous researchers have been concentrated on agricultural
wastages such as bagasse; wheat straw, paddy straw, etc., Paddy straw burning: a problem for
the environment, agriculture, and. humans, such as air pollution, breathing problems, traffic
issues, eye problems, andso on. The stubble can be utilised in a variety of ways other than
burning, such as animal feed, compost manure, roofing material for rural regions, a source of
biomass energy, a growing medium for mushrooms, packing material, fuel, paper, bioethanol,
and produects for industry. Farmers and rural communities should be aware of how important
waste. management is for a sustainable future, instead of spending money on waste
management, change of agricultural waste to value-added products and fabrication of eco-
friendly products from the waste material will help generate wealth from the waste.

The novelty is efficient and sustainable utilization of paddy straw that is crucial for reducing
agricultural waste, enhancing resource efficiency, and promoting environmental sustainability.

In this article studies were conducted on the fiber characterization, weight percentage of
fiber loading (30%, 40%, 50%), alkali treatment of 5% sodium hydroxide, 24 hours of soaking
time, mechanical behaviours (Tensile, flexural, impact, hardness, shear), water absorption, and

morphological properties of paddy straw fiber reinforced polyester composites.



EXPERIMENTAL SECTION

Materials

Paddy straw, also recognized as rice straw, emerges as a by-product in the aftermath of rice
harvests, encompassing the plant's stalks, leaves, and husks. This agricultural residue holds
particular significance in regions where rice cultivation prevails. The unsaturated ortho-
lamination polyester synthetic resins, denoted as VBR 2303, result from the chemical reaction
between dibasic organic acids and polyhydric alcohols. To instigate the curing process, a
catalyst (VBR 1204 - methyl ethyl ketone peroxide) and an accelerator (VBR 1201 - cobalt
octoate) prove indispensable. Sourced from Vasavibala Resins Pvt. Ltd.«in Chennai, the
polyester resin, inclusive of the accelerator and catalyst, boasts propertiessuch as a density of
1.132 g/cm?, a viscosity of 470 (cp) at 25°C, and a volatile content of 36.2% (wt).
Extraction of the Paddy straw fiber

The agricultural land is obtained after harvesting the.many wastes. Hand-harvested paddy
straw fibers collected on agriculture land at Thiruvallur (Dt) in the grade of manakaththai After
collecting the paddy straw and remove the unnecessary fiber-parts, the paddy stem is obtained.

Fig. 1 shows the photographic image of the removal of paddy straw fiber.
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Fig. 1: Photographic image of collecting the paddy straw fibers

a. Agriculture field b. Paddy straw c. Paddy straw stem

Alkali treatment of the extracted fiber
The limited strength of raw paddy straw fiber is only due to some surface imperfections

and dirt, which prevent it from being used directly to develop composite laminate. To improve



the strength, we must go through the chemical treatment process. A lot of chemical treatments
occur, such as silane, calcium hydroxide, sodium hydroxide, peroxide, and so on. Based on the
literature, NaOH is the best treatment for the other chemical treatment processes. Fig 2. shows
the NaOH treatment of the Paddy straw fibers. Sodium hydroxide (NaOH) chemicals were
purchased from the go green products at Chennai. 5% NaOH concentration and 24 Hours of
soaking time for the paddy straw treatment process [48]. Alkali treatment roughens the surface
of the fibers and creates pores. This better surface roughness and porosity facilitate better

mechanical intertwining and adhesion between the reinforcement and the matrix.

Fig. 2: NaOH treatment.of the Paddy straw fibers

CHARACTERIZATION OF FIBERS
Single fiber test

Single fiber test Preload: 0.1 N; Test speed: 60mm/min; ASTM standard D 3822: Zwick-
Roell Z010: 10 KN tensile testing machine. 10 filaments were tested, and average values of
force, tenacity, and strain values were measured.
X-Ray Diffraction

A Rigaku Ultima3 X-ray device was used to collect X-ray diffraction data, and powder
was used to produce the samples [15]. Using the XRD findings, an evaluation of both untreated
and treated fiber performance was conducted by determining the levels of cellulose I and the
crystallinity index. The crystalline index was calculated using equation (1). where, Cl means
Crystalline index, l¢r - crystalline intensity region at a 26 angle, and lam - amorphous intensity
region at a 20 angle.
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Fourier Transform Infrared Analysis

In the realm of fiber reinforced plastics, infrared spectroscopy stands as a pivotal analytical
technique. By detecting molecular vibration, the Fourier Transform Infrared Analysis (FTIR)
technique serves as an outstanding method to ascertain functional group scattering and bond
types in composites. The examination utilizes a Perkin EImer RX | apparatus, examining the
FTIR spectra of both untreated and treated fibers across the wavenumber range from 4000 to
500 cm™ . The analysis employs a resolution of 4 cm™ * for 32 scans [35,41].
Thermo gravimetric analysis

Evaluating the aptness for applications in elevated temperatures mandates an

investigation into the thermal degradation characteristics of composites reinforced with natural
fibers. Thermogravimetric analysis spanned from 35°C to 600°C, employing a heating rate of
10°C/min. Sustaining an inert atmosphere, N2 gas was consistently introduced into the heating
systems at a mass flow rate of 20 ml/min.
Composite fabrication

Semi-automatic compression moulding with dimensions of 300mm x 300mm x 3mm was
used [33,51]. A weight percentage matrix and reinforcement ratio of 70:30, 60:40, and 50:50
has been used. Randomly oriented <fiber . was used to fabricate the laminate.
The amalgamation of polyester resin, catalyst, and accelerator in a proportion of 1:0.015:0.015,
respectively was meticulously agitated for 2-3 minutes to prevent agglomeration [35].
The fibers, arranged in a.random orientation, were inserted into the mold container, and the
amalgamated resin was poured onto the fibers within the mold container. The temperature of
50°C and a pressure of 30 bar were applied for 45 mins. After 45 minutes, the fabricated
laminate was placed at room temperature. This process produced the same results in the other
60:40 and 50:50 ratios. When the fiber percentage increases, the applied pressure also
increases. A set of six combinations of composite plates were fabricated and tabulated as shown
in Table 1 (where UT means Untreated and ALT means Alkali treated).



Table 1: Compositions of composites

S.No | Name of the composite Composition (wt %)
Resin Fiber
1 UT-1 - -
2 UT-2 5 -
3 UT-3 = -
4 ALT-1 =5 =
5 ALT-2 5 -
6 ALT-3 = -

Testing of composites

The composite plates, meticulously crafted, underwent precision:cutting to adhere to the
specified ASTM dimensions, facilitating the creation of specimens for.tensile (ASTM D638-
08), flexural (ASTM D790-15), impact (ASTM D256-10), shear (ASTM D3846-08), and
hardness testing. Employing a universal testing machine (Tinus Olsen H10 KL) with a
crosshead speed of 1.5 mm/min, both tensile and three-point bending tests were conducted.
The Izod impact test machine, featuring a pendulum design with a 25-joule capacity, was

utilized. Each test involved five distinct samples;‘and meticulous recording of average values

ensued. Image of the tensile test before and-after specimen shown in Fig 3.

Fig.3: Photographic images of tensile test fractured specimens a) before b) after
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Surface topography image

Scanning electron microscopy (SEM) stands as the optimal experiment for scrutinizing the
morphology of fiber surfaces within fractured composite materials following testing. The SEM

equipment employed for this purpose is the Thermoscientific Apreo S, and it is employed to




capture surface images of both untreated and treated fibers, as well as to inspect fractured

specimens post-testing.

RESULT AND DISCUSSION

Single fiber test of raw and treated fiber

The Single fiber fragmentation test has several significant practical benefits, including ease
of sample preparation and the ability to collect numerous fragments from a single specimen.
Single fiber test, raw and treated, is shown in Fig 4. 10 single fibers were taken for testing, and
the average readings are noted down in Table 2. Fiber tenacity is also approximately the same
in raw and treated fiber. Elongation values achieved in raw and treated fiber are 1.2 and 2.0 %
respectively. It is observed that the maximum allowable forces for raw fiber and treated fibers
are 106.892 N and 83.748 N, respectively. The application of NaOH led to an augmentation of
the fiber surface area. Moreover, this treatment proficiently eliminated specific quantities of
lignin and hemicelluloses from the fiber surface [47]. The augmentation in the fiber surface
resulted in a broader contact region between the fiber and the-matrix. This expansion facilitated
an increased number of potential reaction sites, allowing.the hydroxyl groups on the cellulose
fibers to more efficiently collaborate with the sodium hydroxide-coupling agent [9]. The single
fiber tensile strength decreased after surface treatment due to the chemical degradation
(degradation can weaken the fiber and may slightly reduce its single fiber strength) and changes
in crystallinity (Altering the crystallinity may disrupt the fiber's ability to withstand tensile

forces, causing a decrease in single fiber strength).
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Fig. 4: Single fiber test — Raw and treated fiber



Table 2: Fiber statistics report

Fmax (gf) Tenacity (g/den) | dL at Fmax (%)
Raw fiber 10900 1.14 1.2
Treated fiber 8540 1.10 2.0

X-ray Diffraction analysis of raw and treated fibers

X-ray diffraction analysis of raw and treated paddy straw fiber is shown in Fig 5. The
chemical alteration induced by alkali treatment involves the-breakdown of cellulose chains,
thereby augmenting the abundance of hydroxyl (OH) groups on.the fiber surface. This
augmentation generates a surplus of active sites conducive to chemical bonding with the
polymer matrix, ultimately enhancing interfacial adhesion. A solitary prominent peak was
detected in the diffractogram, corresponding to specific crystallographic planes. The regions
between crystalline peaks and the amorphous curve were compared in calculating the
crystallinity index [15]. From the graph; it.was found that the Raw paddy straw fibers exhibit
a high peak at 26 = 22.57° at the crystallographic plane of (752) and 26 = 16.28° at the (501)
crystallographic plane. The Crystalline.index was calculated as 33.37% [50]. From the graph,
it was found that the Treated paddy. straw fibers exhibit a high peak at 26 = 22.57° at the
crystallographic plane of (2748) and 206 = 18° at the (2050) crystallographic plane. The
Crystalline index was calculated as 25.40%.
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Fig. 5: X-ray diffraction analysis of Raw and treated paddy straw fiber



FTIR analysis of raw and treated fibers

FT-IR analysis of Raw and treated paddy straw fibers is shown in Fig 6. Utilizing FTIR
aids in discerning the functional groups within the fiber, accentuating the chemical distinctions
among its constituents. The Fourier Transform Infrared spectra, scrutinized within the 4000 to
500 cm™ range, unveiled a prominent absorption peak at 1028 cm™. This peak signified the
existence of polysaccharides groups, specifically (CO) and (OH), within the cellulose contents.
[48,41]. The occurrence at 1240 cm™ manifests the CO stretching vibration of the acetyl group,
aligning with findings akin to those observed by Sabarinathan et al [35]. Verification of wax
contents (CC stretching) interspersed within the fiber was established through peaks registering
at 2918 and 2857 cm™, affirming the presence of cellulose and hemicellulose in paddy straw
fiber. The peak discerned at 1612 cm™ is attributed to the stretching.of the C=O group within
hemicellulose components. The spectral span ranging from 1439 to 1252 cm™ is linked to the
C=H group inherent in lignin constituents [52]. These phenomena indicate that the alkali

treatment has extracted lignin, pectin, and hemicellulose from the paddy straw fibers.
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Fig. 6: FT-IR analysis of Raw and treated paddy straw fiber
Microstructure analysis of the raw and treated Paddy straw

Recorded using a scanning electron microscope, surface images were captured at various
magnifications for the morphological study. SEM analysis of raw and treated paddy straw
fibers is revealed in Fig 7. Raw paddy straw fibers contain some surface debris and contain a
higher amount of bound hemicellulose and cellulose [22]. Treated paddy straw fibers show a
very smooth and rough surface. The alkali treatments diminish cellulose and hemicellulose
content, fostering an optimal bond among the fiber and the matrix material in the preparation

of composites [3].
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Fig. 7: Surface topography
a) Untreated fiber b) Treated fiber

Thermo Gravimetric Analysis (TGA) of raw and treated fiber

Figure 8 (a) and (b) illustrate the TGA analysis of raw and treated.paddy:straw fiber, respectively.
The customary thermal breakdown of natural fibers at heightened temperatures encompasses multiple
elements, such as hemicellulose, cellulose, lignin, wax, and assorted constituents. The thermogram can
be segmented into three clearly delineated regions. The-initial region (Region I), occurring between
205°C and 278°C, is known as the initial weight loss region or initial shoulder peak. Hemicellulose
breakdown is primarily linked to the first phase. The decomposition peak in Region Il, which exhibits
the greatest weight loss, happens between.278°C. and 346°C. The thermal depolymerization of the
remaining hemicelluloses, lignin, and cellulese is.the cause of this weight loss. And lastly, the third
stage of weight loss is represented by:Region I 1, which runs from 346°C to 700°C. This stage is linked

to the material's non-living components and the subsequent disintegration of cellulose glucosidic chains.
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Fig. 8 (a): TGA analysis of raw paddy straw fiber
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Fig. 8(b): TGA analysis of treated paddy straw fiber

MECHANICAL PROPERTIES OF PADDY STRAW FIBER REINFORCED COMPOSITES
Tensile strength

Tensile strength values for different wt %.of the paddy Straw are shown in Fig 9. NaOH
treated composite of 50 wt (%) with the tensile strength 0f 20 MPa is 0.75 and 0.85 times higher
than the ALT-1(70%) and ALT-2 (60%), respectively. Comparing the tensile strength, NaOH

treated composites show higher value.than'that of.untreated composites [30].

The findings suggest a risetin tensile istrength with the elevation of fiber weight percentage,
attributed to robust interfacial bonding and excellent adhesive properties in both reinforcement
and matrix materials. The main objective of this study is more content of reinforcement and
less amount of matrixiused. The enhanced individual fiber strength and heightened surface
roughness resulting from NaOH treatment played a pivotal role in elevating the tensile
performance. of ‘all NaOH-treated fiber-reinforced composites, surpassing that of their

respective untreated counterparts [35].
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Fig. 9: Tensile strength values for different wt % of the paddy straw

Flexural strength

Flexural strength values for different wt % of the paddy straw are shown in Fig 10.
Similarly, the flexural strength increases with the.increment in fiber weight percentage. NaOH
treated composite of 50 wt (%) has flexural strength 31 MPa which is 0.67 times and 0.93 times
higher than the flexural strengths of ALT-1 and ALT-2, respectively. As comparing the bend
strength, NaOH treated composites show: greater value than the untreated wt (%) composites
[31]. The results suggest that the flexural strength diminishes because of the uneven dispersion
of fibers and inadequate adhesive properties between the reinforcement and matrix [48]. The
diminished flexural attributes stem from inadequate resin flow within the composite when a
lower fiber-content (30 wt%) is present [34]. The introduction of grafted molecules during
NaOH. treatment resulted in a reduction of voids and interstices on the fiber surface. The
removal of impurities, including hemicellulose, wax, oil, pectin, lignin, and environmental
pollutants, increased surface roughness and improved the interfacial bonding between the fiber
and the matrix [48,50,56].
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Fig. 10: Flexural strength values for different wt % of the paddy straw

Impact strength

The abrupt application of a load is a significant factor in the engineering of the material.
Impact strength values for different wt % of the paddy straw are shown in Fig. 11. The impact
strength increases as the fiber weight percentage.is added to the matrix, which also enhances
the stiffness and hardness of the composites, demonstrating good adhesive bonding between
the reinforcement and matrix [31,32]. NaOH treated composite of 50 wt (%) has impact
strength (62 KJ/m?) 0.645 times'and 0.548 times higher than the impact strengths of ALT-1 (40
KJ/m?) and ALT-2 (34 KJ/m?). The reduction in impact strength is attributed to the presence of
voids, pores, and suboptimal interfacial bonding between the fiber and matrix. The calculation
of impact strength depends on the energy required to fracture the sample, contingent upon
various factors such as the resilience of the matrix, the shape of the fiber surface, fiber quality,
and the crystalline characteristics of both the fiber and matrix [21]. The envisaged transmission
of stress between the paddy straw reinforcement and polyester matrix is anticipated to exhibit

enhancements in comparison to untreated fibers [47].
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Fig. 11: Impact strength values for different wt % of the paddy straw

Hardness strength

Hardness strength values for different wt % of the paddy straw composites is shown in Fig
12. ALT-3 poses 34 HV results are better than the other weight percentages of the samples. The
vicker hardness diamond tool measures the penetration of a specified indentor into the
specimen. ALT-1 Composite specimen-vickers hardness trail value for 13, 19, and 16 HV,
respectively. An average hardness value of 16'HV was observed. ALT-2 composite specimen:
three trail values were observed in the range of 22, 28, and 25 HV, respectively. The average
values of 25 HV and ALT-3 composite specimen trail tests were noticed in the range of 35, 34,
and 33 HV, respectively. The average value is 34 HV. Untreated fiber hardness values had
limited strength-due to the poor adhesive bonding between the reinforcement and matrix. A
rougher surface can provide better interlocking and adhesion in composites, improving the
strength and hardness of the resulting material. Alkali treatment breaks down the amorphous
parts of the fiber, exposing more crystalline regions and aligning the cellulose molecules,

thereby enhancing strength and hardness.
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Fig. 12: Hardness strength values for different wt % of the paddy straw

Shear strength

The shear strength is a measure of a composite material's resistance to forces that tend to
move parallel layers relative to one another. Figure 13 shows the different wt % of the paddy
straw. Fig 16 reports that NaOH treated composites 50 wt % shear values are higher than the
other compositions of samples. Increase of the fiber content and reduction of the resin content
result in increase of the shear values.gradually. The maximum strength of the composites under
shear strength tests was found to be enhanced by the increase in reinforcement content in the
matrix. The untreated shear strength values are 11 MPa, 14 MPa, and 18 MPa, respectively.
The supreme shear strength values are achieved in ALT - 3 sample, which are 2.16% and 1.5%
higher than the ALT-1 and ALT-2 samples respectively. The composite treated with NaOH
exhibits improvements in all mechanical properties in each case, primarily owing to the
removal of-substances that adversely affect strength, including hemicellulose, lignin, wax, and
various impurities. [47]. The whole mechanical behaviours of the paddy straw are shown in
Table 3.
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Fig. 13: Shear strength values for different wt % of the paddy straw

Table 3: Overall mechanical properties of the paddy straw

) Tensile | Flexural | “Impact Shear | Hardness
S.No Laminate strength {| strength | strength | strength | strength
name (MPa) (MPa) | (KJ/m?) | (MPa) (HV)
1 UT-1 9.5 12 22 11 11
2 uT-2 10.5 15.5 26 14 13
3 UT-3 12 17 32 18 14
4 ALT-1 15 21 40 18 16
5 ALT-2 17 29 34 26 25
6 ALT-3 20 31 62 39 34

SEM analysis of fractured surfaces

The paddy straw fibers exhibited improvements in mechanical strengths due to the
elimination of hemicelluloses and some surface contaminations in the alkali treatment process
[17]. The surfaces of the alkali-modified fibers displayed a more rugged and pristine texture in
contrast to the untreated fiber surfaces. This finding serves as proof of heightened interfaces

and connections between the matrix and the fibers [42]. The treated composite samples



indicated a strong fiber-to-matrix connection with little pull-out or fiber breaking. Fig 14 (a,b)
shows micrograph inference on low and high tensile strength fractured specimens using SEM.
It observed good fiber surface, fiber breakage, Matrix unfilled area, fiber splitting, and pot
holes. From the SEM image of Fig 15 (a,b) reported that fractured surfaces after flexural testing,
it is observed that cavity, matrix unfilled area, fiber crack, and pot hole. The micrograph inference
on impact fractured specimens are shown in Fig 16 (a,b). In this figure shows that many defects are
observed, such as splitting of PALF, Agglomeration of fibers, matrix unfilled areas, voids, and fiber
breakage due to impact load. The matrix heavily wets the fibers, and there is fiber breakdown due

to high adhesion, which increases impact strength [42,48].
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Fig. 15 (a,b): Micrograph inference on low and high flexural strength fractured specimens
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Fig. 16 (a,b): Micrograph inference on low and high impact strength fractured specimens

Water absorption

Evidently, the water absorption rates for the hybrid composite samples were
initially high, then decreased before reaching saturation. Upon saturation, PSUT-3
unveiled the highest water absorption, followed-by PSUT-1 and PSUT-2. The highest
amount of water absorbed by the PSUT-3 was 49.7%. The adding of fiber content slightly
increased the moisture absorption in the presence of composite when compared with
PSUT-2 and PSUT-3. Paddy straw fiber indicates higher water absorption content [43].
The water absorption rate for different wt% of the paddy straw is shown in Fig 17. The
minimum amount of water @bsorption rate is PST-1 38.94%. Paddy straw fiber begins to
absorb water molecules when'it'is exposed to water because of its hydrophilic nature.
Alkali treatment reduces the hydrophilicity of the fibers by modifying the surface
chemistry and reducing the number of hydroxyl groups. This can help reduce water
absorption. and improve the dimensional stability of the composite. The brittle
thermosetting resin micro cracks as a result of this occurrence. The abundance of cellulose
in paddy straw fiber aids in enhancing the absorption of water molecules at the micro crack
contact. The emergence of swelling stress results in fiber swelling. The consequence was
that the matrix failed. Just after the matrix cracks, the water molecules start to form

capillaries through the micro crack [7, 26].
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Fig. 17: Water absorption rate for different wt % of the paddy straw

CONCLUSION

This paper discussed the characterization of fiber, mechanical, morphological, and water

absorption properties. The significant results are listed below:

e Paddy straw fibers were gathered fromagricultural land, and an alkali treatment process
was conducted to enhance the mechanical performance of the fibers.

e The evaluation of raw and alkali-treated fiber efficacy was conducted through XRD
data. FTIR analysis was employed to discern chemical groups linked to cellulose (O-
H), hemicellulose (C=0), lignin (C-H), and wax (C=C) constituents. TGA and DTG
diagrams were employed to appraise the thermal stability of paddy straw fiber,
unveiling the degradation of hemicellulose contents at 234 °C, and cellulose contents
at-325 °C. According to SEM findings, the fibers of paddy straw are porous and have a
semi-smooth surface, as well as wax content, cellulose content, and hemicellulose
content.

e The randomly oriented paddy straw fiber reinforced polyester composites were
developed using a semi-automatic compression moulding machine with different
weight ratios. For successive wt%, a 50:50 ratio achieved the overall mechanical tests
(Tensile, flexural, impact, hardness, shear) of 20 MPa, 31 MPa, 62 KJ/m?, 34 HV, and
39 MPa, respectively. From the fractured specimen’s micrograph, some defects were

observed, such as voids, matrix unfilled areas, pull-out, fiber cracking, and so on.



e The water absorption 30 wt % (ALT-1) fiber content property is recorded at 38.94 %. It
is lower than the other wt% of the laminate. Although there is a slight variation in the
other ALT - 2 and ALT-3 laminates.

e The overall results revealed that the paddy straw fiber is a very prominent material in
non-structural applications such as table tops, writing pads, two-wheeler number plates,

door panels, partition boards, etc.,
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