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ABSTRACT

This study explores the mechanical properties of a novel composite material, blending polylactic acid (PLA) with
sea shells, through a comprehensive tensile test analysis. The tensile test results offer valuable insights into the
material’s behavior under axial loading, shedding light on its strength, stiffness, and deformation characteristics.
The results suggest that the incorporation of sea shells decrease the tensile strength of 14.55% and increase the
modulus of 27.44% for 15 wt% SSP (sea shell powder) into PLA, emphasizing the reinforcing potential of the
mineral-rich sea shell particles. However, a potential trade-off between decreased strength and reduced ductility
is noted, highlighting the need for a delicate balance in material composition. The study underscores the impor-
tance of uniform sea shell particle distribution within the PLA matrix for consistent mechanical performance.
These results offer a basis for additional PLA-sea shell blend optimization, directing future efforts to balance
strength, flexibility, and other critical attributes for a range of applications, including biomedical devices and sus-
tainable packaging. This investigation opens the door to more sustainable and mechanically strong materials in
the field of additive manufacturing by demonstrating the positive synergy between nature-inspired materials and
cutting-edge testing techniques.
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1 Introduction

A thermoplastic that breaks down biodegradable using renewable resources like sugarcane or corn starch
is called poly (lactic acid) (PLA). PLA is now a top contender in the biopolymer industry thanks to its
advantageous mechanical qualities and environmental friendliness, particularly when it comes to lowering
reliance on plastics made from fossil fuels. PLA-based composites have drawn a lot of interest because of
its potential for use in a variety of products, including automotive components and packaging.
Notwithstanding these benefits, the PLA composites that are now available on the market have several
significant drawbacks.

Copyright © 2024 The Authors. Published by Tech Science Press.
@ @ This work is licensed under a Creative Commons Attribution 4.0 International License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



mailto:prashanthkp@acharya.ac.in
https://www.techscience.com/journal/JRM
http://dx.doi.org/10.32604/jrm.2024.055437
https://www.techscience.com/
https://www.techscience.com/doi/10.32604/jrm.2024.055437

2116 JRM, 2024, vol.12, no.12

Engineers and scientists are always looking into novel materials and blends that not only decrease
environmental effect but also harness the power of nature’s resources in their quest for sustainable
alternatives to standard plastics. Combining sea shells with polylactic acid (PLA), a renewable and
biodegradable polymer, is one such intriguing line of inquiry. It may seem strange, but the combination
works surprisingly well. This study delves into the innovative application of PLA composites blended
with seashells, highlighting their unique mechanical properties and significant environmental advantages,
and possible uses that make this combination a ray of hope in the ongoing fight against plastic pollution
[1-4].

Because of its intrinsic brittleness and comparatively low thermal stability, PLA presents a number of
difficulties and restricts its use in high-performance settings. Additionally, despite being a major benefit,
PLA’s biodegradability has a drawback in terms of mechanical durability when compared to non-
biodegradable polymers. In order to improve the mechanical, thermal, and barrier qualities of PLA, the
market for PLA composites has been investigating a variety of fillers and reinforcements, including
natural fibers, nanoclays, and other biobased materials. However, these initiatives frequently come with
trade-offs that prevent widespread adoption, such reduced biodegradability or higher production costs [5—8].

Using elements from the marine environment, especially seashells shown in Fig. 1, as a filler in PLA
composites is a potential but little-studied approach. The main material that makes up seashells is calcium
carbonate (CaCO3), which is renowned for its stiffness and heat resilience. Seashell powder can be added
to PLA to improve the composite’s mechanical qualities, such as impact resistance and tensile strength,
without seriously affecting its biodegradability. Seashells are also a plentiful and underutilized waste
resource, especially in coastal areas, which makes them an affordable and sustainable choice for
reinforcement.

Figure 1: Sea shell powder

Because seashells are an easily accessible and frequently discarded resource, they present a chance for
recycling and waste reduction, helping to address the problem of marine litter. Because seashells are high in
calcium carbonate, they increase the mechanical strength of material blends and improve the resilience and
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durability of PLA-seashell composites in demanding applications. By reusing natural materials and lowering
the demand for new resources, the incorporation of seashells adheres to environmental sustainability
principles. Additionally, by reusing marine debris in manufacturing processes, it contributes to the
preservation of ocean habitats.

Seashells and PLA work together to improve the material blend’s mechanical strength and endurance,
solving PLA’s common drawbacks and increasing its potential applications. By combining a
biodegradable polymer with an ocean-sourced waste material, this combination also preserves an
environmentally favorable image, promoting a circular economy and reducing environmental impact. The
PLA-seashell blend, which offers a compelling substitute for traditional plastics and advances the
development of a more sustainable future, is an example of how innovative material solutions can align
with environmental responsibility. Its promising applications range from biodegradable medical implants
to sustainable packaging [9].

The mechanical properties of polylactic acid (PLA) blends are important in the development of
sustainable materials because they influence how well-suited the blends are for different applications. It is
crucial to assess the mechanical performance of the combined PLA and sea shell powder (SSP) material,
especially with regard to its tensile and flexural qualities. The material’s strength and elongation under
uniaxial strain are measured during tensile testing, which gives information about the material’s capacity
to bear stretching forces without breaking. Conversely, flexural testing evaluates the material’s response
under bending stress, exposing its stiffness and ability to withstand deformation. Researchers can
ascertain the impact of sea shell powder incorporation on the mechanical integrity of PLA-SSP blends by
performing tensile and flexural tests on the material. These evaluations are essential to guaranteeing that
PLA-SSP composites contribute to environmental sustainability while also fulfilling the performance
requirements for the packaging and agricultural film applications for which they are designed [10,11].

The biodegradability of different blends of polylactic acid (PLA) and seashell powder (SSP) can be
evaluated by the utilization of hydrolytic and oxidative reagents, providing significant insights into their
environmental impact. Hydrolytic reagents release lactic acid and mimic the hydrolysis of ester bonds in
PLA, giving an indication of the material’s degradation in damp settings. For applications where
biodegradability is critical, testing these blends under such circumstances is essential. The addition of
SSP in varying ratios may affect this process. However, by adding reactive oxygen species, oxidative
reagents-such as Fenton’s reagent-imitate oxidative breakdown. This is especially important for figuring
out how PLA-SSP blends function in conditions where oxidative stress is common. These tests are
crucial for ascertaining the PLA-SSP blends’ overall environmental sustainability and guaranteeing that
they fulfill environmental objectives and particular biodegradability standards, particularly in applications
exposed to outdoor settings like agricultural films or disposable goods. The results of these investigations
serve as a basis for the creation of PLA-based materials that support environmental sustainability while
also meeting regulatory requirements [12].

The research’s theory is that adding seashell powder to PLA may boost the material’s mechanical and
thermal characteristics while preserving its biodegradability, making it better suited for uses needing
increased durability. With its innovative method, PLA composites may be able to overcome their present
market shortcomings and provide a more environmentally friendly and functionally sound material
substitute.

2 Materials and Method

In materials science, polylactic acid (PLA) and seashells make an eco-friendly and fascinating
combination. Each ingredient contributes special qualities to the blends, creating a material that not only
overcomes the drawbacks of conventional plastics but also makes use of the advantages of natural,
renewable resources. Tables 1 and 2 represents the properties of PLA [13] and sea shell [14—18], respectively.
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Table 1: Properties of PLA

Property Values

Viscosity 0.256-0.467 MPs-s
Density 1.25 g/em?® at 21.5°C
Thermal conductivity 0.13 W/M-K
Thermal diffusivity 0.056 m%/s
Specific heat 180 L/kg-K

Feed rate 2.247-2.67 m/s
Yield tensile strength 52 MPa

% Elongation at yield 10%—-100%
Flexural modulus 345-450 MPa
Melting point 120°C-170°C
Glass transition temperature 54°C-56°C

Shear modulus 2.4 GPa

Table 2: Properties of sea-shell powder per 100 gm

Property Values
Silicon dioxide 1.60
Alumina 0.92
Calcium carbonate 51.56
Magnesium oxide 1.43
Sodium oxide 0.08
Potassium oxide 0.06
Water 0.31
LOI 41.84

In the field of additive manufacturing, the combination of polylactic acid (PLA) and seashells via
filament extrusion and subsequent 3D printing is innovative [19]. It’s crucial to remember that the precise
outcomes would depend on a number of variables, including the proportion of PLA to seashells, the size
and distribution of the seashell particles, and the processing settings used to make the material. These
findings must be validated by real testing in a lab environment and should be regarded as hypothetical
[20-24].

2.1 Filament Extrusion Process

2.1.1 Material Preparation
A composite feedstock is made by combining seashell particles that have been finely ground to a size
range between 10 to 100 micrometers (um) with PLA pellets that come from sustainable sources.
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2.1.2 Extrusion Blending

The feedstock for the composite is supplied into an extruder, where it is melted and blended under
controlled conditions such as temperature, pressure, shear rate, feed rate, residence time and cooling rate.
To guarantee that the sea shell particles are distributed uniformly throughout the PLA matrix, precise
pressure and temperature parameters are maintained. The temperature in the Feed Zone (Zone 1) is
usually kept between 170°C—180°C so that the PLA can soften and start combining with the seashell
particles. The temperature is raised to 180°C—190°C as the material enters the Compression Zone (Zone
2), further melting the PLA and accelerating the mixing process to encourage uniform particle
distribution. In the Metering Zone (Zone 3), shear forces are optimized to guarantee a uniform dispersion
of seashell particles throughout the PLA matrix, and the temperature is kept between 190°C and 200°C,
at which point the material melts completely. Finally, the Nozzle Temperature is set at 200°C-210°C,
ensuring the composite material is properly melted and smoothly extruded into a filament [25-28]. The
extruder’s extrusion pressure is normally kept between 50 and 150 bar, which is sufficient force to
prevent backpressure, which could cause blockages or uneven material flow, while the molten PLA and
seashell combination are still flowing through the extruder. The pressure is usually regulated between
20 and 50 bar at the die, where the filament is formed. In order to ensure that the seashell particles are
evenly dispersed and that the filament has a smooth, superior surface finish, this reduced pressure aids in
the consistent extrusion process. Furthermore, the screw speed which is typically regulated between
50 and 100 rpm can also be changed to modify the shear rate. The dispersion of seashell particles within
the PLA matrix is further enhanced by larger shear stresses, which are caused by a higher screw speed
[29-31].

2.1.3 Filament Formation

After that, a die is used to extrude the melted mixture into filaments under controlled cooling conditions
with the required diameter typically around 0.15 or 0.4 mm. The filaments produce a PLA-sea shell
composite filament that is ready for 3D printing after cooling and solidifying [32-36].

Table 3 represents the process parameter used for 3D printing, and Table 4 represents the test sample
material % details generated for the structural and mechanical characterization [37,38].

Table 3: The parameters of the 3D printing process

Compaction density of the sample 100%
Nozzle diameter 0.4 mm
Fill pattern Line

Fill angle 45°
Layer thickness 0.15 mm
Speed 60 m/sec

Table 4: Details of the material % in test samples

Sample number ~ Material % details Sample code
Sample 1 PLA PLA
Sample 2 90% PLA + 10% seashell powder =~ PLASS10
Sample 3 85% PLA + 15% seashell powder ~ PLASS15

Sample 4 80% PLA + 20% seashell powder =~ PLASS20
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3 Experimentation

3.1 Tensile

Conducting tensile test on a material in this example, a composite of seashells and polylactic acid (PLA)
offers important insights on the material’s mechanical characteristics and behavior under tension. Tensile
tests examine a sample’s response to stress and strain by subjecting it to axial loading, usually by ripping
it apart.

The BISS Nano Plug-n-Play line of test systems for servohydraulics underwent a tensile test.
Regarding the tensile test, the most popular specimen, ASTM D638-at a constant traverse rate of
1 mm/min, a constant rectangular cross-section with measurements of 19 mm in width, 115 mm in
length, and 4 mm in depth is employed in the moving grip. To stop gripping damage, additional tabs
can be glued to the specimen’s ends [39,40]. Fig. 2 represents the tensile test specimens (a) PLA and
(b) PLA + SSP (10%, 15%, and 20%).

i (b)
Cre— D

=

Figure 2: Tensile test specimen (a) PLA (b) 90%PLA + 10%SSP, 85%PLA + 15%SSP, 80%PLA + 20%SSP

3.2 Flexural

The standard specimen thickness for the flexural test is 4 mm (0.16 in), the standard specimen width is
10 mm (0.39 in), and the standard specimen length is 80 mm. ASTM D790 was taken into consideration. In
the event that the standard specimen is unavailable, ISO 178 provides substitute widths based on the
thickness of the specimen [41]. The flexural test specimen is displayed in Fig. 3. (a) PLA (b) PLA with
10%, 15%, and 20% SSP added.

Figure 3: Flexural test samples (a) PLA (b) 90%PLA + 10%SSP, 85%PLA + 15%SSP, 80%PLA + 20%SSP
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3.3 Biodegradability

To determine if the composite was biodegradable, a test for biodegradability was performed on the
samples [42,43]. Using the ISO 10993 standard, biodegradability is determined. Three tests are
recommended by the standard to ascertain the biodegradability rate.

o Test for Hydrolytic Degradation: This test determines whether a composite is degradable using water.

o Test for Oxidative Degradation: This test uses a 3% Pharmacopoeia-grade hydrogen peroxide mixture
in addition to water.

o Test for Fenton’s Reagent: This involves mixing iron salts with a diluted solution of hydrogen peroxide.

Buffer solution deterioration tests include Fenton’s Reagent test and Oxidative deterioration test.

A ratio of 10:1 should be used to compare the test specimen’s mass and the test solution’s volume. A pH
meter was used, and a pH range was selected in order to maintain the properties of the medium. The test item
is dried and its mass is noted before any experiments are conducted. The specimen is dried and then cleaned
with analytical grade water after it has been in solution for the necessary amount of time. After that, the mass
is weighed before being further considered.

3.4 Scanning Electron Microscope and X-Ray Diffraction

The morphologic of the PLA/SSP illustrations of composite from the outer layers enlarged 1000x was
examined using a SEM. Utilizing a JSM 6700F SEM, captured the fractography of the thin, gold-sputtered,
brittle composite films [44—46]. Wide-angle XRD of PLA and PLA/SSP composite films were taken. The
device consists of a rotating anode generator equipped with a broad-angle goniometer and a
copper target. The generator scanned the samples in the 2theta range of 10° to 90° while driving at
30 mA and 40 kV. The sample-to-detector distance, or 141 mm Goniometer Radius, influences the
accuracy of angle measurements. The analysis was performed over a Runtime of 2244.409 s with a step
size of 0.025 degrees, a theta angle of 4.998997 degrees, and a corresponding 2theta value of
9.997994 degrees. Throughout the analysis, the rotation speed was maintained at five revolutions per
minute [47-49].

4 Results and Conversations

The PLA-based composite films were flexible, showed no obvious cracks, and were well-processable
during 3D printing. The PLA composite films reinforced with SSP were evenly applied to the surfaces,
preserving the appearance of the sheets, and the thickness remained unaffected by the SSP’s presence.

4.1 Tensile

Tensile strength is the maximum weight per unit area pushed in a given direction along a specimen’s
length that it can withstand without breaking. To ascertain the mechanical performance of PLA/SSP
composite films, the tensile characteristics were examined. Figs. 4-7 display the PLA and PLA/SSP
composite films’ tensile test curves. Table 3 shows the effect of filler loading on the tensile properties
(elongation at break, modulus, and strength) of PLA composite films filled with SSP. Tension strength
diminished with filler levels up to 20%, whereas modulus increased with the amount of filler up to 15%
before subsequently dropping. As filler quantity is increased, strength and modulus drop due to filler
agglomeration and a weaker filler-matrix interaction, which could be the cause of this discontinuity. This
is probably attributable to the effect of van der Waals or induction relationships, which enhance the bond
that exists between the filler and the matrix. Conversely, the tension strength and modulus of the
composite film were identified to be consistently elevated than those of the matrix.
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Figure 4: Tensile test-load vs. displacement visual depiction of PLA and its blends
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Figure 5: Tensile test-stress vs. strain visual depiction of PLA and its blends
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Figure 6: Tensile test-true stress vs. true strain visual depiction of PLA and its blends
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Figure 7: Visual depiction of offset yield stress-strain plot (a) PLA, (b) PLA (90%) + SSP (10%), (c) PLA
(85%) + SSP (15%), (d) PLA (80%) + SSP (20%)



2124 JRM, 2024, vol.12, no.12

As the percentage of Sea Shell Powder (SSP) in the PLA matrix rises, the Peak Stress continuously falls.
The reduction in stress from 77.379 to 54.291 MPa is noteworthy when switching from pure PLA to PLA
(80%) with SSP (20%) as shown in Table 5. This suggests that adding SSP causes the material’s peak
strength to decrease; PLA (80%) + SSP (20%) shows the lowest value. The 0.2% Offset Yield Stress
gradually decreases with increasing SSP content, much like Peak Stress does. In comparison to the pure
PLA result of 54.413 MPa, PLA (80%) + SSP (20%) shows the lowest yield stress at 47.407 MPa,
indicating a continuing trend of decreased resistance to plastic deformation.

Table 5: Tensile test results for different composition of sea shell in a PLA matrix

Parameters PLA PLA (90%) + SSP PLA (85%) + SSP  PLA (80%) + SSP
(10%) (15%) (20%)
Peak stress (MPa) 77.379 57.874 66.116 54.291
Peak load (KN) 2.052  1.535 1.753 1.44
0.2% Offset yield stress (MPa) 54.413 51.562 58.636 47.407
0.5% Offset yield stress (MPa) 70.828 57.236 37.494 52.181
Modulus (GPa) 2.066 1.885 2.633 1.924
Upper yield point (MPa) 54.413 51.562 58.636 43.407
Lower yield point (MPa) 76.774 37.855 37.42 54.242
Strain hardening coefficient  278.89 147.033 306.228 118.219
(MPa)
Elongation at break (Using 7.822 3.843 3.109 4.446
strain) (%)
Stiffness (kN/mm) 1.565 1.428 1.995 1.458

As the SSP concentration rises, the modulus, which measures the material’s stiffness, tends to decrease.
The modulus of PLA (85%) + SSP (15%) is 2.633 GPa, the greatest, while PLA (80%) + SSP (20%) is the
lowest, at 1.924 GPa. As expected that the stiffness of the material is impacted by the addition of SSP. As
SSP concentration rises, the Upper Yield Point, a crucial marker of the beginning of plastic deformation,
falls. The lowest result, 43.407 MPa, is shown by PLA (80%) + SSP (20%), highlighting the material’s
decreasing capacity to withstand plastic deformation. With increased SSP content, there is a
noticeable decrease in the material’s capacity for plastic deformation, as indicated by the Strain
Hardening Coefficient. In terms of strain hardening capability, PLA (85%) + SSP (15%) has the
maximum value at 306.228 MPa, while PLA (80%) + SSP (20%) has the lowest value at
118.219 MPa. As the SSP concentration rises, stiffness—a measure of resistance to deformation—
consistently falls. At 1.995 kN/mm, PLA (85%) + SSP (15%) exhibits the maximum stiffness, whereas
PLA (80%) + SSP (20%) exhibits the lowest stiffness, at 1.458 kN/mm. This suggests that when the
proportion of SSP increases, the material becomes less stiff. When SSP is added by 10, 15 and 20 wt%
into PLA, we observed tensile strength is decreased by 25.20%, 14.55% and 29.83% respectively
compared with the PLA. It can be observed that the young’s modulus of 15 wt% SSP blend with PLA
is increased by 27.44% compared with the PLA. Therefore for composite, tensile strength enhancement is
directly proportional to amount of SSP and the effect of SSP has only influence on tensile modulus.
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4.2 Flexural

Figs. 8-10 displays the PLA and PLA/SSP composite films’ flexural test curves. All of the
compositions show a different pattern for the Flexural Peak Stress. Interestingly, the addition of SSP to
PLA (90%) + SSP (10%) and PLA (85%) + SSP (15%) results in a significant drop to 13.765 and
10.258 MPa, respectively, whereas PLA has a Flexural Peak Stress of 48.542 MPa. The Flexural Peak
Stress in PLA (80%) + SSP (20%) increases to 49.486 MPa, which is an interesting increase. This
suggests that there is a complicated link between flexural strength and the PLA-SSP ratio. A similar
pattern can be seen in the Offset Flexural Yield Stress, which shows a notable drop from 39.224 MPa in
pure PLA to 13.169 and 9.936 MPa in PLA (90%) + SSP (10%) and PLA (85%) + SSP (15%),
respectively. After that, PLA (80%) + SSP (20%) exhibits a marginal increase to 39.933 MPa. This
implies that the material’s capacity to withstand yielding under flexural stress may be significantly
impacted by the addition of SSP. The material’s stiffness can be inferred from the Tangent Modulus,
which is the stress-strain curve’s slope. Here, the addition of SSP results in a significant drop. PLA has
the largest Tangent Modulus at 1.895 GPa, but the lowest at 0.105 GPa are shown by PLA (85%) + SSP
(15%) and PLA (90%) + SSP (10%). A slightly greater Tangent Modulus at 0.165 GPa is shown by PLA
(80%) + SSP (20%), suggesting a complex link between PLA-SSP ratios and the material’s stiffness
under flexural loading. To sum up, these results emphasize how PLA and SSP interact intricately to
influence flexural properties, highlighting the importance of carefully considering material composition
to achieve desired mechanical characteristics. Table 6 shows the Flexural test results for different
composition of sea shell in a PLA matrix.
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Figure 8: Flexural test graphs-load vs. displacement for PLA and its blends

4.3 Biodegradability

Strong bases like KOH or NaOH can usually be used as reagents in hydrolytic processes. The PLA’s
active groups became water-sensitive when the base OH reacted with both PLA and reinforced PLA,
particularly with polylactic acid that had absorbed a considerable amount of moisture. Depending on the
chemical structure, it perceives the water in a different way. From that point on, as seen in Fig. 1la, it
starts to get worse every day. As the number of days grows, the bulk of the materials reduces.
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Table 6: Flexural test results for different composition of sea shell in a PLA matrix

Parameters PLA PLA (90%) + SSP  PLA (85%) + SSP  PLA (80%) + SSP
(10%) (15%) (20%)
Flexural peak stress (MPa) 48.542 13.765 10.258 49.486
Flexural yield stress offset 39.224 13.169 9.936 39.933
(MPa)
Tangent modulus (GPa) 1.895 0.105 0.105 0.165
At break flexural stress 18.504 2.415 2.192 9.2
(MPa)
(a) —+—pLA+SS-10% (D) —»— PLA+5S-10%
hydrolytic reagent (PLA+SS) Ay hydrolytic reagent(PLA+SS) A
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Figure 11: Biodegradability test using hydrolytic reagent (a) Mass vs. days (b) pH vs. days

The strong base in the solution causes the materials’ pH to fall with increasing days, as shown in
Fig. 11b. Since acidity and concentration have an inverse relationship with pH, the powerful base
diminishes the degree of concentration and acidity of the solution. The materials’ pH falls as the number
of days increases if the solution’s acidity drops.

During the process of oxidative biodegradability, molecules will form CH bonds with one another. The
oxidative reagent will respond with the PLA and reinforced PLA in our oxidative test, severing the materials’
C-H atoms. As seen in Fig. 12a, the materials begin to break down daily as a result of the C-H bonds.

As soon as the oxidative reagent reacts with the PLA to reinforce PLA, the between molecules C-H bond
breaks. The C-H bond stops to produce C+ and H-ions. When it evolves into an H-ion, it serves as a
foundation. It then mixes with the CAT-ions contained in the resolution to halt the process. The redox
will rise in the course of the procedure, and indoxyl will change into indigo. As shown in Fig. 12b, the
pH levels of both pure PLA and reinforced PLA will rise daily due to the increase in redox.

The mass vs. days of PLA and PLA composite with 10%, 15% and 20% ESP are displayed in Fig. 13a.
The fact that both pure PLA and reinforced composites lost mass as the number of days grew suggests that
this approach is biodegradable. Comparing PLAES10 to other reinforced polymers and regular PLA, there is
a noticeable bulk reduction. Hydrogen peroxide is transformed into a hydroxyl free radical through a
catalytic process. The primary source of the mitochondrial oxidative respiration is the hydrogen peroxide
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reactant. Hydroxyl free radicals that are produced throughout the process are extremely dangerous since they
are unstable and reactive. As a catalyst, the Fe ions aid in the oxidation procedure. Organic compounds such
as trichloroethylene (TCE) and tetrachloroethylene can be broken down by Fenton’s reagent. As the number
of days grows, pure PLA often sees a rise in pH and a drop in concentration. On the other hand, the calcium
component of the reinforced PLA materials raises the pH and increases the solution’s concentration. The
reagent’s Fe>* and CaCOs mix to produce Ca®" ions, increasing the solution’s acidity. It is directly related
to pH; as Fig. 13b shows, a daily increase in acidity will also result in a daily increase in pH.
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Figure 12: Test for biodegradability of oxidative reagents (a) pH vs. days (b) Mass vs. days
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Figure 13: Test for biodegradability of Fenton’s reagent (a) Mass vs. days (b) pH vs. days

4.4 X-Ray Diffraction

Fig. 14 depicts the CaCO; X-ray diffraction patterns. The overall crystalline structure and phase purity
of the CaCOj particles were obtained, according to the XRD data. The XRD pattern displays the typical
reflection of rhombohedral calcite. The strongest detected (hkl) peaks are at 20 values of 23.1°, 29.4°,
36.0°, 39.4°, 43.2°, 47.5°, 48.5°, and 53.4°, which correspond to the crystallographic planes of calcite
(012), (104), (110), (202), (018), (116), (122), (214), and (300), respectively. Every one of the rather
sharp peaks may be classified as the usual CaCOj calcite phase. The products’ exceptional purity was
demonstrated by the absence of any distinctive peaks from other contaminants.



JRM, 2024, vol.12, no.12

200

150

100

Intensity (a.u.)

[4)]
o
1

-
WMMWWMmkﬂwwmw.mm

4.5 SEM

20 40 60 80

2 Theeta

Figure 14: XRD data of sea shell powder

200

150

100

- 50

100

2129

A detailed representation of the SEM images is given in Figs. 15—18, especially the ones that display the
fractured surfaces of the pure PLA composites. The smooth, noncrinkled surface of the pure PLA SEM
picture is suggestive of a brittle fracture.

Brittle Fracture

$3400 5.00kV 8.2mm x500 SE

Figure 15: SEM pictures for PLA (a) Brittle fracture (b) Smooth fracture

Smooth Fracture

Figs. 16—18 show the fractured surfaces of PLA + Sea Shell Powder composites, and the SEM images
show a consistent dispersion and notable interaction between the two materials. The jagged morphology of
sea shell powder particles, which comprises uneven form and cubical edges, is what makes them unique.

A closer examination reveals that since the gaps between the filler and the polymer in both materials have
closed, it indicates an effective surface interaction.

Furthermore, the SEM micrographs show particles adhering to the polymer’s surface, indicating a high
degree of compatibility between Sea Shell Powder and PLA. The observation of localized particle build-up
suggests particle aggregation, which is likely regulated by the formation of filler interaction networks. In
regions where filler loadings are larger, this tendency is particularly noticeable. To sum up, the scanning
electron microscopy (SEM) examination offers significant insights into the microstructural properties of
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the cracked surfaces and a thorough comprehension of the interaction between PLA and seashell powder
within the composite material.

S

$3400 5.00kV 8.8mm x500 SE

gy Y5

Figure 16: PLA SEM pictures using an ESP of 10% effective surface interaction at (a) and (b) magnification
%500, (c) and (d) magnification x1000

Air voids

) 5.00KV 7.4mmix1,.00k SE

Figure 17: PLA SEM pictures with 15% ESP Air voids at (a) magnification 500, (b) magnification x1000

One problem encountered during the processing of Sea Shell Powder (SSP) samples was the
development of a porous character in the sea shell-filled polymers, as observed in a specific region of the
SEM pictures. Insufficient interfacial relations between the SSP and Polylactic Acid is indicated by voids
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on the material’s surface. This suggests that specific SSP pullouts and debonding in this porous structure are
occurring. The composites’ apparent air holes reduce their total strength. Further proof that the PLA
containing SSP is dispersed equally throughout the matrix may be found in Fig. 16. The composite’s
reduced strength can be attributed to a variety of problems, such as insufficient dispersion of SSP, pullout
phenomena, and the presence of air voids. Together, these elements also play a part in the composite’s
apparent porosity characteristics and reduced mechanical performance.

R IR
» 100um

Figure 18: PLA SEM pictures with 20% ESP SSP pullouts at (a) magnification x1000, (b) magnification
%500

5 Conclusion

The PLA-sea shell blend’s tensile test findings, in summary, hold out a great deal of hope for sustainable
materials. Seashells decrease PLA’s tensile strength and increase modulus, but they also lessen its ductility, so
it’s important to properly balance these qualities in the composite formulation. The study highlights how
crucial it is to distribute sea shell particles uniformly in order to guarantee reliable mechanical
performance. These results provide the foundation for additional optimization, enabling the PLA-sea shell
blend to be customized for particular applications that call for a particular combination of strength,
flexibility, and other essential characteristics.

In particular, when it comes to addressing environmental concerns, this PLA-sea shell combination
stands out as a possible substitute for traditional plastics. This material has enormous potential thanks to
developments in additive manufacturing and materials science. Scholars and practitioners in the field
ought to concentrate on enhancing the composition and processing of the blend in order to fully realize
its potential uses, which range from enhanced biomedical gadgets to sustainable packaging. As our
research indicates, achieving this goal will require more investigation and testing. The PLA-sea shell
combination offers a robust and sustainable solution that combines environmental responsibility with
innovation, and it may be essential in building a more resilient and environmentally responsible future.
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