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Prototype of a Biodegradable Plate Made from Sugarcane
Bagasse: Evaluation of Formation and Mechanical Properties

J. E. Lopez Velastegui®, W. H. Vaca Ortega?, C. H. Arroba Arroba?®, B. M. Guaméan Cando*

Abstract — This article presents the development and evalua-
tion of a biodegradable plate prototype made from sugarcane ba-
gasse. The research proposes sugarcane bagasse as a sustainable
alternative for the manufacturing of biodegradable products and
analyzes the environmental issues associated with the use of dis-
posable plastics. Experiments were conducted to determine [the
ideal proportions of potato starch, water, and sugarcane bagasse,
as well as the temperature and pressure conditions required to

create a plate with favorable mechanical properties.

When pressed at a temperature of 110 °C and a pressure of
8 bars, a mixture of 20 grams of sugarcane bagasse, 35 grams of
potato starch, and 33 milliliters of water produced plates with the
best structural integrity and without significant defects. Regar-
ding failure energy, displacement, and maximum bending stress,
the mechanical tests carried out based on ASTM D5628 and
ASTM D7264 standards demonstrated that the specimens manu-
factured under these conditions had adequate strength.

The use of sugarcane bagasse as a raw material for manufac-
turing biodegradable products is feasible, offering a practical so-
lution to reduce the environmental impact of disposable plastics.
The results provide a solid foundation for research and improve-
ments in the manufacturing process of biodegradable products
from agricultural waste.

Keywords: biodegradable materials; plastic pollution; thermo-
forming process; agricultural waste; sugarcane bagasse.

Resumen — Un prototipo de plato biodegradable creado a par-
tir de bagazo de caiia de azicar ha sido desarrollado y evaluado
en este articulo. La investigacion propone el bagazo de caifia de
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azicar como una alternativa sostenible para la fabricacion de
productos biodegradables y analiza los problemas ambientales
asociados con el uso de plasticos desechables. Se llevaron a cabo
experimentos para determinar las proporciones ideales de almi-
don de papa, agua y bagazo de caia de azicar, asi como las con-
diciones de temperatura y presion necesarias para crear un plato
con propiedades mecanicas favorables.

Cuando se prens6 a una temperatura de 110 °C y una presion de
8 bares, una mezcla de 20 gramos de bagazo de caiia de azicar, 35
gramos de almidén de papa y 33 mililitros de agua produjo platos
con la mejor integridad estructural y sin defectos significativos. En
cuanto a la energia de falla, el desplazamiento y la tensién maxima
de flexion, las pruebas mecanicas realizadas segiin los estandares
ASTM D5628 y ASTM D7264 demostraron que las muestras fa-
bricadas bajo estas condiciones tenian una resistencia adecuada.

El uso del bagazo de cafia de aziicar como materia prima para
la fabricacion de productos biodegradables es factible, ofreciendo
una solucion practica para reducir el impacto ambiental de los
plasticos desechables. Los resultados proporcionan una base soli-
da para la investigacion y mejoras en el proceso de fabricacion de
productos biodegradables a partir de residuos agricolas.

Palabras Clave: materiales biodegradables; contaminacién por
plasticos; proceso de termoformado; residuos agricolas: bagazo
de cafia de azicar.

[. INTRODUCTION

HE global search for sustainable solutions to reduce relian-

ce on conventional plastics has intensified due to growing
concerns about the environmental impact of disposable plastic
products. In this context, biodegradable materials have emer-
ged as a promising alternative to mitigate plastic pollution.
Among these materials, sugarcane bagasse stands out for its
abundance, low cost, and biodegradability, making it an attrac-
tive raw material for manufacturing disposable products such
as plates, cutlery, and packaging [1], [2].

The urgency to find sustainable substitutes has spurred in-
dustries and researchers to explore renewable resources capa-
ble of replacing traditional plastics, especially in regions with
limited waste management infrastructure. Recent studies in-
dicate that agricultural byproducts like sugarcane bagasse can
significantly contribute to the production of eco-friendly items
[1], [2]. This approach harnesses residual biomass —preven-
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ting it from becoming landfill waste— and fosters a circular
economy by converting it into valuable commodities.

Several investigations have demonstrated that incorporating
natural fibers into biodegradable polymer matrices not only en-
hances mechanical performance but also improves thermal sta-
bility [3], [4]. These findings suggest that a hybrid composite
system comprising sugarcane bagasse and starch-based binders
can outperform conventional biodegradable materials, even in
demanding applications. Furthermore, recent advances in ther-
moforming and simulation tools, such as Ansys, enable more
precise control of process parameters, ensuring that final pro-
ducts meet both mechanical and environmental requirements
[5]. Consequently, this study aligns with the expanding body
of literature aimed at reconciling sustainability with material
performance in the development of biodegradable products.

Sugarcane bagasse, a byproduct of the sugar industry, is pri-
marily composed of cellulose, hemicellulose, and lignin, which
impart a fibrous structure and mechanical strength [3], [4]. To
make it suitable for biodegradable product manufacturing, this
byproduct must be combined with other materials (e.g., potato
starch), which acts as a binder [4], [5]. By blending sugarcane
bagasse, starch, and water, followed by a thermoforming pro-
cess, it is possible to develop biodegradable products that can
replace conventional plastics [5], [8].

The production of biodegradable plates from sugarcane ba-
gasse involves critical steps such as mixing components, mol-
ding under controlled heat and pressure, and evaluating mecha-
nical properties [8], [10], [11]. These steps require thorough
optimization to ensure that the final product is both practical
and eco-friendly. Proper mold formation is essential to obtain a
defect-free plate structure [10], and careful control of manufac-
turing parameters is key to minimizing issues like cracks and
incomplete formation [11].

This work focuses on evaluating the formation process and
mechanical performance of a biodegradable plate prototype made
from sugarcane bagasse. A series of experiments were carried out
to determine the ideal ratios of potato starch, water, and sugarcane
bagasse, along with the optimal temperature, pressure, and pres-
sing time conditions [7], [12]. Mechanical bending and impact
tests were performed to assess the durability and strength of the
plates produced [ 12], providing insights into the feasibility of using
sugarcane bagasse in biodegradable product manufacturing [11].

Preliminary trials indicated that a pressure of 8 bar and a
temperature of 110 °C were suitable for achieving defect-free
plate formation [10]. However, these early tests also showed
that pressing time and the amount of water significantly affec-
ted plate integrity and mechanical properties [10]. After ad-
justing component ratios and process parameters, plates with
adequate structural integrity —free of fiber detachment—were
obtained by combining 20 g of sugarcane bagasse, 35 g of
potato starch, and 33 mL of water, then pressing in 10-, 20-,
and 30-second cycles [11]. Subsequent impact tests followed
ASTM D5628 and ASTM D7264 standards, measuring maxi-
mum stress, displacement, and failure energy [12]. The results
confirmed that the specimens produced under these optimized
conditions exhibited mechanical strength comparable to that of
other biodegradable materials reported in the literature [11].

17

In conclusion, this study demonstrates that functional bio-
degradable plates can be fabricated from sugarcane bagasse
by optimizing formation conditions and material composition.
These findings offer a solid basis for continued research and
technological progress in utilizing agricultural waste to manu-
facture biodegradable products, thereby reducing the environ-
mental impact associated with disposable plastics [5].

II. MATERIALS AND METHODS

A. Material Preparation

To further understand the processing parameters that govern
the formation of the biodegradable plate, additional experi-
ments were conducted. In this extended study, a series of trials
were incorporated to determine the sensitivity of the product
properties to variations in the mixture composition. For exam-
ple, experiments were performed with slight modifications to
the ratio of bagasse to starch to analyze the effect on bonding
strength and flexibility [6]. Such incremental adjustments allow
for a detailed mapping of the process window within which the
product maintains its structural integrity.

Furthermore, thermal conditioning was examined by subjecting
the mold and punch to multiple heating—cooling cycles. This ther-
mal cycling simulates real-world conditions and provides insight
into potential thermal stress effects on the composite [7]. The recor-
ded temperature profiles during these cycles were correlated with
mechanical performance, offering a better understanding of how
ambient temperature fluctuations may influence product durability.

For the preparation of the prototype mold used in the produc-
tion of the plates, 7075 aluminum alloy was used. This alloy is
commonly used for the construction of structural components, in-
jection molds, thermoforming, or blow molding of thermoplastics.

B. Materials and Equipment

For the preparation of the prototype mold used in the produc-
tion of the plates, 7075 aluminum alloy was used. This alloy is
commonly used for the construction of structural components,
injection molds, thermoforming, or blow molding of thermoplas-
tics. Its properties are shown in Table I. A Travis NC machining
center, model M-1000, equipped with round carbide end mills,
was used to shape the mold through material removal Table 1.

TABLE 1
PHYSICAL, MECHANICAL, AND THERMAL PROPERTIES
OF 7075 ALUMINUM ALLOY [11]

Properties Valor
Density 2,81 g/cc
Hardness, Brinell 150 HB
Tensile strength, maximum 524 MPa
Tensile strength 462 MPa
Elongation at break 9%
Modulus of elasticity 71,7 GPa
Thermal conductivity 130 W/mK
Melting point 477-635 °C
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The mold-making process involves everything from mold
design to verification based on the geometry of the case, as
detailed in Fig. 1.

The production of the biodegradable plate involves
everything from the acquisition of raw materials to the analysis
of results, as shown in Fig. 2.

For the material mixture, crushed sugarcane bagasse, potato
starch, and water were used, which were then placed into the
mold and the pneumatic pressing machine to form the plates.
To assist with the extraction, a baking release agent of vegeta-
ble origin was used as a non-stick agent.

G

.

Mold design according
to the geometry of the plane

Parameters for selection
of construction material

v

Simulation of the mold design
using specialized software

Does the design
meet the
parameters?

Preparation of mold
construction plans

-

Mold construcction using CNC
machine (millin)

v

Mold design
verification

Fig. 1. Process Diagram for Mold Construction.

Acquisition of raw materials

v
Drying and grinding of sugar
cane bagasse
Te
v
Determiniation of the amount
of grinding of sugar cane

v

Mixing of the determined quantities No
bagasse and potato starch

v

Does the total
amount of the mixture
completely occupy the
volume of the plate?

Preparation of the specimens

v

Carrying out tests based
on regulations

v
v v
Bending test Impact test
ASTM D7264 ASTM D5628
v v

v

Results interpretation

v

Determination of mechanical properties

v

Analysis of the results properties

End

Fig. 2. Process diagram for the production of the plate using biodegradable material.

C. Determination of Proportion

This study aimed to determine the optimal composition of
sugarcane bagasse, potato starch, and water for producing bio-
degradable plates. The process began with a review of previous
work on sugarcane bagasse—based biocomposites (see [34],
[35]) and the experience reported in Guaman’s thesis [Tesis
.M. 820], where it was shown that a fibrous mixture rich in ce-
llulose, combined with a natural binder (starch), could improve
both internal cohesion and the structural strength of the pro-
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duct. Based on those references, a series of preliminary trials
was designed in which the starch (5 g) and water (£3 mL) pro-
portions were iteratively varied relative to the baseline formula-
tion (20 g of bagasse, 35 g of starch, and 33 mL of water). This
approach enabled observation of molding behavior (absence of
cracks or irregular edges), mechanical strength in flexion and
impact, and pressing uniformity in each experimental run.

Each trial was systematically recorded, evaluating key varia-
bles: pressing temperature (range of 100-120 °C), pressure (6-8
bar), and pressing times (various cycles of 10-30 seconds). The
data showed that the formulation consisting of 20 g of sugarcane
bagasse, 35 g of potato starch, and 33 mL of water —pressed at
110 °C and 8 bar— achieved optimal flexural properties (=3 MPa)
and impact resistance (failure energy exceeding 1.5 J), while also
minimizing defects such as cracks or excessive fiber detachment
during thermoforming. Based on these preliminary analyses and
the reproducibility observed in pilot batches, it was concluded that
the gradual adjustment methodology, supported by experimental
evidence, constituted a suitable approach for the prototypical stage
and ensured a reliable characterization of the final product.

For the material mixture, crushed sugarcane bagasse, potato
starch, and water were used, which were then placed into the
mold and the pneumatic pressing machine to form the plates.
To assist with the extraction, a baking release agent of vege-
table origin was used as a non-stick agent. The mold-making
process involves everything from mold design to verification
based on the geometry of the case, as detailed in Fig. 1.

Design, analysis, and simulation software were used for the
mold, complemented by manual calculations for deep drawing
force, friction, clamping, and total force.

D. Mechanical Testing

To evaluate the mechanical properties of the composite
materials obtained in the characterization process, destructive
flexural and impact tests were employed. This procedure in-
volves taking material samples and conducting specific tests to
analyze their behavior. The flexural test specimens were based
on ASTM D7264, as shown in Fig. 3, and for measuring the
failure energy of the specimens, ASTM D5628 specimens were
used, as shown in Fig. 4.

3-BCP-AP-D1
BCP-AR-D1
I=BeREAR-D1

| 3-BCP-AP-D2 |

Fig. 3. Specimens for the flexural test.
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Fig. 4. Specimens for the impact test.

III. RESULTS AND DISCUSSION

The extended experimental work provided further confir-
mation that the selected process parameters lead to an optimi-
zed product. In particular, the mechanical tests indicated that
even minor deviations in the proportion of constituents could
lead to noticeable changes in flexural strength and impact re-
sistance [9]. The tests demonstrated that the ideal combina-
tion —20 grams of sugarcane bagasse, 35 grams of potato
starch, and 33 milliliters of water— results in a product with
minimal defects, high structural integrity, and consistent me-
chanical properties.

Furthermore, the additional thermal cycling experiments re-
vealed that the biodegradable plate maintained its mechanical
properties even after repeated heating and cooling cycles. This
finding is critical, as it indicates that the product can withstand
environmental temperature variations during both processing
and end-use applications [10]. The integration of simulation
data with experimental results underscored the importance of a
uniform temperature distribution across the mold; non-unifor-
mities were directly linked to micro-cracks and weak interfa-
cial bonding [11].

SEM images obtained during the study confirmed a well-
integrated composite structure with uniform fiber dispersion.
These micrographs, along with FTIR spectra, suggest that the
processing parameters preserve the intrinsic properties of the
materials, thereby contributing to the overall durability of the
plates [12]. Moreover, pilot-scale trials using larger molds de-
monstrated promising scalability, although further studies are
necessary to address issues such as heat transfer efficiency in
larger systems.

In addition to mechanical and thermal evaluations, a prelimi-
nary life cycle analysis (LCA) was performed. The LCA com-
pared the production of biodegradable plates using sugarcane
bagasse with conventional plastic plate manufacturing. Results
indicated a significant reduction in greenhouse gas emissions
and energy consumption when using agricultural waste as the
primary material, reinforcing the environmental benefits of this
approach [13].
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Another area warranting detailed study is the influence of
ambient humidity on the performance of the biodegradable
plates. Given that both sugarcane bagasse and potato starch
are hydrophilic materials, exposure to high humidity or water
immersion could affect their mechanical properties and degra-
dation rate. Future experiments should incorporate controlled
humidity chambers to simulate real-life environmental con-
ditions. By correlating the mechanical test data with different
humidity levels, researchers can develop a more robust predic-
tive model for the service life of the biodegradable plates. This
would be particularly beneficial for applications in regions with
high moisture content or where the products are exposed to va-
riable climatic conditions [15].

Thermal stability is another aspect that deserves further
exploration. Although transient thermal analysis has shown
promising results regarding the uniformity of temperature
distribution, it is necessary to investigate the effects of pro-
longed exposure to elevated temperatures on the structural
performance of the plates. Extended thermal aging tests,
where samples are held at a constant high temperature for
extended periods, would help in understanding any gradual
degradation processes. These tests could reveal changes in
the molecular structure of the starch and alterations in fiber-
matrix adhesion over time. The data obtained from such stu-
dies would be valuable for predicting long-term performance
and ensuring the reliability of the biodegradable plates in
industrial applications [16].

Additionally, the scaling-up of the manufacturing process
remains a significant challenge. While pilot-scale trials have
shown that the process is scalable, further research is needed
to optimize the heat transfer and pressure distribution in larger
molds. Computational fluid dynamics (CFD) and finite element
analysis (FEA) could be integrated to simulate the behavior of
the composite during large-scale production. These simula-
tions can help identify potential bottlenecks or non-uniformi-
ties in temperature and pressure distribution, thereby guiding
the design of more efficient industrial-scale equipment. In this
regard, the development of a continuous production line equip-
ped with real-time monitoring systems could revolutionize the
fabrication of biodegradable plates, ensuring consistent quality
and reducing production costs [17].

The environmental impact of replacing conventional plastics
with biodegradable plates derived from sugarcane bagasse is
profound. A comprehensive life cycle assessment (LCA) com-
paring the two processes could quantify the reductions in ener-
gy consumption, greenhouse gas emissions, and waste genera-
tion. Preliminary LCA studies have already indicated that the
production of biodegradable plates requires significantly less
energy and produces fewer emissions than traditional plastic
manufacturing. Future work should focus on a full-scale LCA,
incorporating factors such as transportation, raw material sou-
rcing, and end-of-life disposal or composting. Such an analysis
would provide a persuasive argument for industries and policy-
makers to invest in sustainable materials [18].
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Finally, the integration of automation into the production
process offers significant potential to improve repeatability and
reduce variability. Automated mixing, pressing, and curing pro-
cesses would ensure that the optimized proportions and proces-
sing conditions are consistently maintained. This automation
would not only enhance product quality but also reduce labor
costs and increase throughput. Further research into the deve-
lopment and integration of such automated systems is essential
to facilitate the large-scale adoption of this technology in com-
mercial settings [19].

A. Thermal Analysis of the Mold

The simulation was conducted using Ansys Research soft-
ware. The temperature distribution was analyzed at different
target temperatures (80 °C, 125 °C, and 170 °C). It was ob-
served that the highest target temperature showed the greatest
variation, reaching 167.9 °C after 540 seconds.

B. Transient Thermal Analysis of the Mold

The simulation was conducted using Ansys Research soft-
ware. For the analysis, an ambient temperature of 20° C was
considered. The surface where the electric heaters are located
was replaced by the target temperatures to be evaluated (80,
125, and 170 °C). Additionally, heat transfer by conduction was
included, using a thermal conductivity of 130 W/m? °C, corres-
ponding to the 7075-aluminum alloy.

C. Transient Thermal Analysis of the Punch

For the first analysis of the punch, an initial value of 80 °C
was set and applied to the surface of the heater.

Fig. 5 and 6 reveal a non-uniform temperature distribution
in the punch. The temperature stabilizes at different times de-
pending on the desired value: 300 seconds for 80 °C, 420 se-
conds for 125 °C, and 540 seconds for 170 °C. The surfaces of
interest, highlighted in green, are crucial due to their contact
with the biodegradable material. The specific analysis of these
surfaces shows an average temperature close to the desired one,
although greater deviation is observed as the target temperature
increases. Notably, the target of 170 °C shows the greatest va-
riation, reaching 167.9 °C after 540 seconds.

A: Transient Thermal
Temperature

Type: Temperature
Unit: *C

Time: 360 s

80 Max
79,836
79672
79508
7934
79179
79015
78851
78,687
78,523 Min

Fig. 5. Temperature distribution of 80 °C in the punch at 360 seconds.
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Fig. 6. Approximate time for the punch’s surface of interest to reach 80 °C.

D. Transient Thermal Analysis of the Punch

For the first analysis in the cavity, 80 °C is set as the initial
value and applied to the surface of the resistance (Table II).

In Fig. 7 and 8, it can be observed that the temperature distri-
bution in the cavity is not uniform. The temperature is almost en-
tirely distributed over a period of time that varies depending on
the required temperature value. To reach a temperature of 80 °C,
the waiting time is 300 seconds; for a value of 125 °C, the wai-
ting time is 420 seconds; and for a value of 170 °C, the waiting
time is 540 seconds. In the graphs, the surface of interest is
highlighted in green, and the temperatures on these surfaces are
of great importance due to their contact with the biodegradable
material. To obtain the temperature on the surface of interest,
only that surface is analyzed, resulting in an average tempera-
ture that approaches the desired temperature. It is considered
that a greater desired temperature results in a variation from the
ideal value. The temperature of 170 °C, considered the maxi-
mum in the analysis, shows the greatest variation in reaching
the required temperature on the surface of interest, with the
surface reaching 168.42 °C after 540 seconds.

A: Transient Thermal
Temperature

Type: Temperature
Unit: °C

Time: 360 s

80 Max
79,939
79,878
79,817
79,756
79,695
79,634
79,573
79,512
79,451 Min

Fig. 7. Temperature distribution of 80 °C in the cavity at 360 seconds.
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Fig. 8. Approximate time for the cavity’s surface of interest to reach 80 °C.

E. Mechanical Properties of the Biodegradable Plate

The best structural integrity was achieved when the mixture
was pressed at 110 °C and 8 bars. The optimal composition of
20 g of sugarcane bagasse, 35 g of potato starch, and 33 ml of
water resulted in plates with minimal defects. Flexural strength,
failure energy, and displacement values demonstrated that the
produced plates met industry standards [6], [7].

F. Total Deformation

In Fig. 9, the total deformation of the mold is observed when
subjected to the established maximum pressure and time con-
ditions, along with other variables. The deformation reaches a
maximum value of 0.000358 mm. Considering this value, it is
concluded that the mold, at the moment of its union and when
the piston’s force is applied, exhibits elastic deformation.

B: Transient Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1505

0,00035817 Max
0,00031838
0,00027858
0,00023878
0,00019898
0,00015919
0,00011939
7,95%4e-5
3,9797e-3

0Min

Fig. 9. Total deformation of the complete mold.
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TABLE II
ACTUAL TEMPERATURE VALUES OF THE MOLD.
Part Desired Measured Picture
Temperature Temperature
S
g 80 °C 72,7°C
9
2
B 80 °C 73,6 °C
O

G. Flexural Analysis of the Biodegradable Material

Based on the results of the flexural test, it is observed that
the biodegradable material exhibited the best characteristics in
terms of maximum displacement and maximum flexural stress
when subjected to the flexural test. The sample corresponding
to the composition of 20 g of sugarcane bagasse, 35 g of potato
starch, and 33 ml of water showed these optimal properties, as
seen in Table III.

TABLE III
FLEXURAL TEST RESULTS FOR THE COMPOSITION
OF 20 G OF SUGARCANE BAGASSE, 35 G OF POTATO STARCH,

AND 33 ML OF WATER
. Maximum Maximum .
Maximum . Maximum
Load (N) Flexural Displacement Strain %
Stress (MPa) (mm) °
5,91 3,69 5,89 3,01

H. Comparison with Plastic Alternatives
and Other Biomaterials

The flexural values achieved by the biodegradable plate (3-5
MPa) are lower than those typically reported for common plas-
tics such as polypropylene (=20 MPa), yet they prove sufficient
for single-use items that do not require high load-bearing capa-
city [36]. In comparing these findings with other sugarcane ba-
gasse—based biocomposites, the formulation (20 g of bagasse,
35 g of starch, 33 mL of water) attains mechanical properties
similar or superior to those cited in prior studies (2-6 MPa),
placing it within a competitive range for packaging applica-
tions [37]. Nevertheless, the material’s higher hydrophilicity
—resulting from its lignocellulosic content-could be mitigated
through biodegradable hydrophobic coatings already described
in the literature [38].
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L. Stability and Biodegradability under Real-World Conditions

While the present study focused on short-term mechanical
performance, recent investigations suggest that lignocellulosic
materials, such as sugarcane bagasse, may undergo accelera-
ted biodegradation under high humidity and microbial activity
[39]. Tt would therefore be advisable to conduct complemen-
tary aging tests (e.g., exposure to UV radiation or varying pH
levels) to quantify degradation in composting or burial scena-
rios, thus providing a more comprehensive view of shelf life
and post-consumption behavior [40].

J. Scalability Prospects and Environmental Impact

Although the current prototype manufactures one plate per
cycle, this approach establishes a sound basis for optimizing for-
mulations and operational parameters before proceeding to scale-
up. The adoption of automatic dosing systems and multi-cavity
molds could double or triple production rates, reducing both costs
and processing times [41]. Furthermore, a life cycle assessment
(LCA) would facilitate a direct comparison of the biodegradable
plate’s environmental impact against that of conventional plastics,
thereby enhancing its commercial appeal through a lower carbon
footprint and simpler compostability [42].

K. Comparison with Conventional Plastics

To quantify the feasibility of the biocomposite, its mecha-
nical properties were compared with disposable polypropylene
(PP) and polystyrene (PS) cutlery. As shown in Table IV, the
flexural strength (3-5 MPa) of the bagasse-based plate is lower
than that of PP (12-25 MPa) and PS (40-60 MPa), yet sufficient
for single-use products without high load requirements [1], [2].
Moreover, the impact energy (1.5-1.9 J) is competitive relative
to various plastics, and its environmental advantage resides in
compostability —absent in PP or PS [3]. Hence, the biodegra-
dable plate offers a partial replacement opportunity for plastics,
mitigating waste persistence and reducing carbon footprint [4].

TABLE IV
COMPARATION OF MECHANICAL PROPERTIES.
Material Flexural (MPa) Impact (J) Compostable
Bagasse plate 3-5 1,5-19 Yes
PP (disposable) 12-25 2-3,5 No
PS (disposable) 40-60 1-2 No

L. Novelty and Environmental Contribution

The proposed material provides compostability and a low-
impact production process compared to petrochemical plastics.
Although it shows somewhat lower mechanical strength, its
rapid degradation under composting conditions makes it sui-
table for single-use objects. Future improvements may inclu-
de hydrophobic coatings and reinforcing additives to increase
stiffness without sacrificing biodegradability. Thus, the plate
meets the goals of reducing pollution and making use of agro-
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industrial residues —a key advantage for fostering a circular
economy in packaging and tableware.

M. Impact Analysis of the Biodegradable Material

The impact test results indicate that the biodegradable mate-
rial with the highest maximum impact resistance was the sample
composed of 20 g of sugarcane bagasse, 35 g of potato starch,
and 33 ml of water. Additionally, this sample exhibited the best
characteristics in the first plate design, as shown in Table V.

TABLE V
IMPACT TEST RESULTS FOR THE COMPOSITION
OF 20 G OF SUGARCANE BAGASSE, 35G OF POTATO STARCH,

AND 33 ML OF WATER
Mean Failure Dart Mass Mass Increment Mass Increment
Height (mm) (kg) (kg) )
150 0,231 0,88 1,63

The prototype of the plate obtained using sugarcane bagasse
can be seen in Fig. 10.

— L |

Fig. 10. Prototype of a plate made from sugarcane bagasse.

IV. CONCLUSION

In alignment with the initial objective of developing a biode-
gradable plate from sugarcane bagasse, this study successfully
optimized both material composition (20 g of bagasse, 35 g
of potato starch, and 33 mL of water) and process conditions
(110 °C and 8 bars), resulting in plates with superior struc-
tural integrity and minimal defects. Mechanical testing based
on ASTM D5628 and ASTM D7264 standards demonstrated
that these specimens exhibited adequate strength, confirming
the potential of sugarcane bagasse as an effective raw material
for biodegradable product manufacturing.

23

By achieving mechanical properties suitable for single-use
items, the research addresses the urgent need for sustainable al-
ternatives in the disposable plastics industry. Furthermore, the
transient thermal analyses highlighted the importance of uni-
form temperature profiles in both punch and cavity, reinforcing
the controlled parameters (temperature, pressure, and pressing
cycles) as critical factors for minimizing defects and ensuring
consistent formation of sugarcane bagasse fibers with starch
matrices. This robust manufacturing approach meets another
key objective: enhancing the feasibility of large-scale produc-
tion of biodegradable plates while reducing the environmental
impact associated with conventional plastics.

Lastly, the feasibility of utilizing sugarcane bagasse —
an abundant agricultural byproduct— for environmentally
friendly processes has been clearly established. Consequently,
this study not only delivers practical guidelines for optimizing
process parameters, but also strengthens the foundation for fur-
ther research on long-term biodegradation, automated systems,
and scaling-up trials. In doing so, it lays out a realistic pathway
toward replacing disposable plastics with biodegradable solu-
tions, thus fulfilling the overarching goal of fostering sustaina-
bility and reducing plastic pollution.
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