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ABSTRACT

Polymers are widely used in the manufacture of everyday artifacts,
particularly due to their low cost and versatility. However, this also
makes them one of today's biggest environmental villains. Efforts have
been made to minimize its impact, such as the concept of Circular
Economy, which seeks to reinsert materials into the production
process after their end of life, thus avoiding the accumulation of waste
in nature. In this context, the role of the designer is essential and this
paper aims to report experiments carried out with the mechanical
recycling of post-consumer thermoplastic polymers with the aim of
better understanding the possibilities of their application in the project
of new artifacts. From a methodological point of view, this is an
exploratory research that seeks to deepen the understanding of the
topic. Finally, it should be noted that greater control over the
possibilities and restrictions of polymer recycling will allow designers
to act more effectively in favor of sustainability.
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RESUMO

Os polimeros sdo amplamente utilizados na fabricacao de artefatos
cotidianos, especialmente por seu baixo custo e versatilidade.
Entretanto, isso também fez dele um dos maiores vildes ambientais da
atualidade. Esforcos vém sendo feitos para minimizar seu impacto,
como a noc¢do de economia circular, que busca reinserir os materiais
no processo produtivo apds o fim do seu ciclo de vida, evitando, assim,
0 acumulo de residuos na natureza. Nesse contexto, a atuacdao do
designer se mostra fundamental e o presente artigo visa relatar
experimentacdes realizadas com a reciclagem mecanica de polimeros
termoplasticos pés-consumo com o intuito de compreender melhor as
possibilidades de sua aplicacdo em projetos de novos artefatos. Do
ponto de vista metodoldgico, trata-se de uma pesquisa exploratéria
que busca aprofundar a compreensao do tema. Por fim, ressalta-se
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I qgue um maior dominio acerca das possibilidades e restricdes da
reciclagem dos polimeros permitira aos designers uma atuacao mais
efetivaem prol da sustentabilidade.

PALAVRAS-CHAVE

Design; Polimeros; Reciclagem

-

v.133 n. Dossié Especial (SDS 2023): Artigos selecionados - SDS2023 (IX Simpédsio de Design Sustentavel)
DOI:10.5007/2238-2542.2026.106307



Organizacional - UFSC

enese

| Laboratério de Orientacao da G

o
H

LOGO

INTRODUCTION

The concept of circular economy arises with the intention of
preventing all the labor force and economic value used in a product
from being lost through disposal. Or that a way to recover it only begins
to be considered after the end of its life cycle. The objective of this
approach is for products to exist in a closed system, where they can be
reused, recycled, or remanufactured to continue circulating on the
market or become raw materials for new products (ELLEN
MACARTHUR FOUNDATION, 2013).

The designer's role in this context is fundamental. In sustainable
and circular projects, the entire life cycle of a productis considered with
the aim of minimizing environmental impacts at all stages, from
material extraction to usage, with the aim of avoiding disposal. When
designing a product for the circular economy, materials, production
processes, distribution, storage, how one will use the product, and how
its recovery will take place after the end of its life cycle must be taken
intoaccount (MANZINI; VEZZOLI, 2002).

Polymers are one of the most used materials in industrial consumer
goods, especially thermoplastics. Their production grew along with the
industry of the 20th century and they became part of the composition
of various everyday objects due to their versatility, lightness,
malleability, low cost, and density. (MARTINS, 2020). Currently,
however, they present themselves as one of the biggest environmental
villains (GALL; THOMPSON, 2015) and efforts are being made to
prevent polymers from continuing to pollute soils, rivers, and oceans.

Until other materials emerge that can compete with polymers in
terms of cost, lightness, and easy moldability, and replace them in a
way that is beneficial to nature, a way of dealing with the production of
consumer goods that need to be made from thermoplastic polymers is
through the design of products that aim for recycling at the end of their
life cycle. Thus, based on the above, this paper intends to report
experiments with the recycling of thermoplastic polymers, in an
academic environment, with the aim of better understanding the
possibilities of applying the secondary material in projects of new
artifacts.
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From the point of view of objectives, this research is exploratory,
aiming to deepen the understanding of the study topic. The
experiments were carried out at the Three-Dimensional Studies Lab
(LABETRI) at the Federal University of Santa Maria (UFSM), being
recorded through notes and photographs, so that the knowledge
generated could serve as a basis for future projects. This is an
experimentation project with primary verification of the process of
recovering polymeric waste through mechanical recycling.

DESIGN FOR CIRCULAR ECONOMY

The currenteconomic modelis whatwe call alinear economy, which
is based on an extraction-production-disposal system. In this model,
products are produced, distributed, used for some time, and then
discarded. Everything on such a large scale nature cannot sustain the
amount of waste generated. As a counterpoint to this system, the
concept of circular economy emerges. This proposal is inspired by the
cycles of nature itself, which regenerates and maintains balance,
having its goal as the concept of a product's “end of life” being replaced
by a production model in a closed circuit, without losses, optimized for
disassembly, recycling, reuse, or to serve as biological nutrients
(MCDONOUGH; BRAUNGART, 2013; ELLEN MACARTHUR
FOUNDATION, 2013).

For this to happen, taking into account the existence of two
metabolisms on the planet is important: biological and technical.
Biological metabolism regards biodegradable materials from
renewable sources, which can return to nature as nutrients. Technical
metabolism feeds on technical nutrients, i.e., materials from the
industrial cycle, for example, metals and polymers from non-
renewable sources (MCDONOUGH; BRAUNGART, 2013). For both
cycles to remain fully operational, one must not contaminate the other
(MCDONOUGH; BRAUNGART, 2013).

In this context, the role of designers is to stop considering the
product in isolation and start interpreting it as part of a complex set of
interactions (BONSIEPE, 1978). Vezzoli and Manzini (2008, p. 37) argue
that “environmental requirements should be considered necessary
from the very first stage of product development”. To design products
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with a lower environmental impact and aimed at the circular economy,
planning the product's life cycle in order to minimize negative
environmental impacts at all stages is essential. According to Kazazian
(2005, p. 55, translated), “fundamentally, the ecological product does
not exist. Any product will have environmental impacts”. Therefore, itis
ideal to observe the appropriate strategies for each phase, consistent
with the product being developed, with the intention of minimizing the
implicationsitwillhave on the environment as much as possible.

When thinking about a sustainable product, the materials used are
the firstissue to be noticed by the general population and, possibly, by
designers. The selection of materials with a lower environmental
impact is a strategy to be used and the assessment of this impact can
be observed in the extraction of its raw material, in the transformation
method in the production phase, and in the level of complexity of
recovering it after use (MANZINI; VEZZOLI, 2002). In other situations,
however, the selection of a material with greater durability can be the
decisive factor in guaranteeing an increase in life cycle, by avoiding
rapid replacement.

Redesigning the product structure can ensure a reduction in the
amount of material required for manufacturing, as well as minimizing
scrap. The use of energy resources is also a factor to be taken into
account when choosing production processes, location of
manufacturing facilities, means of transport for distribution, and
storage (MANZINI; VEZZOLI, 2002), this is because “the product itself,
sold as an independent and homogeneous element, is an illusion.
Taking this product to market requires, in addition to infrastructure, a
multitude of other products for its manufacture, transportation, and
use.”(KAZAZIAN, 2005, p. 36, translated).

Therefore, designing a product for the technical cycle demands that
the project takes into account strategies for reuse, repair,
remanufacturing, and recycling (ELLEN MACARTHUR FOUNDATION,
2013). Astructure that facilitates disassembly, for example, can extend
the life cycle of the product, as it facilitates repair and makes
technology updates viable (MANZINI; VEZZOLI, 2002). Furthermore, it
can extend the life of materials, as it allows components from different
materials to be separated and used in remanufacturing or recycling.
When there is disassembly and separation, the possibility for recycling
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to be more efficient arises, minimizing the quality loss of the recycled
material. In Brazil, waste separation is mainly performed by low-
income workers who can only profit if the material has enough market
interest to be sold and then recycled. This makes it necessary to assess
the disassembly and recovery issue as both an environmental and a
social-related matter (PALOMBINI, etal.2017).

In this context, it is also important to understand the reasons why
products are discarded after use. They can deteriorate through
intensive or inappropriate use, structural wear and tear of the material
over time, or accidents caused by the user, as well as technological
obsolescence, and cultural and aesthetic changes, among others
(MANZINI; VEZZOLI, 2002). Analyzing the feasibility of using
biodegradable or compostable materials is a strategy that could be
adopted insingle-use products, such as packaging, ensuring that atthe
end of their use time, the components can feed the biological cycle
(ELLEN MACARTHUR FOUNDATION, 2013).

In this way, the relevance of studying materials and processes for
design in a circular economy context stands out, especially concerning
their recycling possibilities. In contemporary times, polymers prevail
as one of the most commonly used materials in everyday artifacts. For
this reason, studying it is justified so that, when its use cannot be
reduced or avoided, a product can be designed responsibly, aiming at
the recovery of the post-consumer polymeric material.

THE PROBLEM OF POLYMERS

The widespread use of polymeric materials in recent decades was
due to several factors, such as their physical characteristics of
malleability, low density, the possibility of applying different colors,
durability, and their relatively low cost. Polymers also provided new
creative possibilities for designers, as with this moldable material a
wide diversity of shapes could be achieved. However, polymers' wide
use has made them a leading role in discussions about pollution,
because they are the waste with the most implications for nature
today, followed by glasses and metals (MARTINS, 2020; PALOMBINI;
CIDADE, 2022).

According to a UN report, seven billion tons of polymers generated
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between 1950 and 2017 became waste, with three-quarters going to
unmanaged landfills or ending up in nature and oceans (UNEP, 2021).
Because they are quite durable, polymers remain in the environment
for centuries after being discarded, and their low density means they
are easily carried away by wind and water, which is one of the factors
that cause pollution of the oceans and remote areas (RYAN, 2015).
Besides, a large part of synthetic polymers is derived from oil, a non-
renewable source that, during its extraction, contributes to
environmental degradation and the uncontrolled greenhouse effect
(WWEF, 2022).

Polymers in water, in particular, cause a lot of commotion and
concern. Thefirstreport on theimpact of polymer waste on the marine
environment was released in 1960 and today the material represents
around 85% of the trash found in the oceans (UNEP, 2021, p. 03). The
annual volume of polymers arriving at sea is estimated to be 11 million
tons, and that figure will almost triple to 29 million tons by 2040 (THE
PEW, 2020). Polymers in the ocean affect the marine ecosystem and
have fatal consequences for animals, which can ingest parts of objects
leading to lacerations, or even making them suffocate or drown with
plastic bags (UNEP, 2021). Removing and recovering this huge amount
of debris from the oceans and coastal areas is not easy (PALOMBINI et
al., 2018) and can, together, end up removing small animals that live
around it. It is therefore necessary to prevent waste from even
reaching the oceans, which involves appropriate management of
disposalonland.

The Ellen MacArthur Foundation (2013) suggests that the circular
economy is the key element in reducing the environmental impacts
caused by polymers, through three approaches: (i) eliminating
polymers we do not need, replacing them with other materials, and
creating reusable packaging or refill systems; (ii) circulate the plastic we
need, with redesign for circularity, through reuse, recycling, and
composting; and (iii) innovate at unprecedented scale and speed,
through new technologies and business models that enable the
transition to the circular economy.

In this paper, experiments were carried out on recycling post-
consumer polymers, leading to the understanding that this is an
alternative that should be used when it is not possible to reduce the
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use or reuse the product. However, it is understood that, in an ideal
context of circular economy, this approach must be considered during
the product design stage, so that not only the recyclability potential of
the selected materials can be analyzed, but also the energy
expenditure of its subsequent recycling, as well as the market value of
the polymer after the process.

RESULTS AND DISCUSSIONS

The first part of the research consisted of choosing the materials
thatwould be tested, taking into account the six most common types of
polymeric materials, which are polyethylene terephthalate (PET), high-
density polyethylene (HDPE), polyvinyl chloride (PVC), low-density
polyethylene (LDPE), polypropylene (PP), and polystyrene (PS). The
characteristics of each of them were analyzed to understand the
feasibility and complexity of their mechanical recycling.

PET was discarded as a possibility because it is the polymer with the
currently highest recycling rate (PICPLAST, 2022). PVC was also
discarded as it is a material that can release toxic gases, and LDPE
because its most common applicationisin bags and bags, having a very
thin thickness and low density that would make testing difficult. Among
the HDPE, PP, and PS options, we selected the first two, as they are
more abundant in packaging and, consequently, in domestic waste,
which would make them easier to collectin large quantities.

After deciding on the material, to understand the particularities and
behavior of these two polymers in the recycling process, tests were
carried out with each one of them. An oven and a silicone rubber mold
were used to perform the tests. The mold was designed to have
variations in height, curves, and edges, precisely to observe how each
secondary polymerwould behave inthese shapes during melting.

The mold was made from a model made up of 3 layers of 6 mm thick
MDF (medium-density fiberboard), which were cut with CO2 laser
equipment and glued together, with the largest one measuring 8 x 10
cm. The differences in heights and sizes were used to observe how heat
would act through different thicknesses of the silicone. The MDF model
was placed in a rectangular shape made from a milk carton package,
into which silicone rubber was poured. The material used in the
process was rigid red silicone rubber from Redelease. The desired
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amount was mixed with 5% catalyst and then poured into the mold
containing the model. After 48 hours, the silicone rubber was removed
from the mold (Figure 1).

Figure 1 -Silicone rubber mold production.

Source: Authors.

Regarding the selected polymers, several packages of both types
were collected, which were sanitized in a bucket of water and then cut.
The initial cuts were made by hand, using scissors and a utility knife, as
large quantities of material were not needed for the primary
experiments, so the pieces needed to be small to facilitate melting and
shapinginthe mold. Figure 2 demonstrates this process.

Figure 2 - Selection, washing, and cutting of PP and HDPE packaging.

- . [
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Source: Authors.

The polymer melting tests were carried out in an industrial oven,
available at LABETRI, with the assistance of the responsible technician.
It is important to highlight that this is a furnace designed to reach high
temperatures and, therefore, suffers temperature fluctuations at low
temperatures, as is the case in the thermoplastic melting tests carried
out. For the first test, in which polypropylene would be used, the oven
was preheated for 15 minutes, gradually increasing the temperature
until it reached 170°C. Polypropylene pieces were placed on the top of
the silicone rubber mold, which was then positioned inside the oven.
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For two hours, the oven was opened every 20 minutes and the mold
was removed to observe the polymer melting. In addition, by using a
metallic object, the material was squeezed and pushed in to fill the
smaller parts of the mold.

As the polypropylene melted and, consequently, flowed throughout
the mold, more material was added to fill it up to the top. After two
hours, the mold was removed from the oven, and let it cool for five
minutes to unmold it. When the polypropylene began to be removed,
there was some difficulty in releasing it from the mold, as the material
concentrated at the bottom had not completely melted, probably due
to the walls of the mold being thicker and the temperature reached
there was not high enough to melt the material. Several parts of the
mold also tore during removal.

So, carrying out a new test with the polypropylene was necessary,
opting to add the material to the mold little by little and, this time,
vaseline was brushed on the silicone rubber before placing the
polypropylene. The test began with filling only the lowest layer of the
mold, at a temperature of 170°C, and, due to the smaller amount of
polymer, the oven was opened every 20 minutes the first two times.
After that, the temperature was increased to 180°C, to observe the
behavior of the material, with the oven being open every 30 minutes.
This approach had a better result since it made the polymer more
malleable, making it easier to compact with a metal rod. At each oven
opening, the mold was removed and a little more material was added
on top. Because the surface of the first test had a very grainy
appearance, an MDF layer was cut into the upper shape of the mold,
and used to compress against the polymer leaving the surface
smoother. The result of this experiment was much more satisfactory,
all parts of the piece underwent melting and the application of
pressure resulted ina much less porous piece (Figure 3).
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Figure 3 - Experiment with polypropylene.
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Source: Authors.

For the third experiment, high-density polyethylene (HDPE) was
used. Vaseline was brushed on the mold and the pieces of material
were gradually placed in layers, in the same way as the previous test.
This polymer has a lower melting point temperature, with an indication
of around 135°C being found in the literature (GROOVER, 2017).
Initially, this was the temperature set in the oven, and, being observed
that the polypropylene softened when kept in the oven for 30 minutes,
it was decided to keep the polyethylene for this period as well. What
was noticed, however, was that the HDPE was not melting enough,
making it difficult for the pieces to come together in the mold, even
when pressed with a metal object. Because of this, it was decided to
gradually increase the temperature, every 30 minutes, after the mold
was placed back in the oven, to observe the behavior of the material. In
total, the mold was removed from the oven nine times and the final
temperature was 180°C, as was the polypropylene. Figure 4
demonstrates this process.

Figure 4 - Experiment with high-density polyethylene.
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Source: Authors.
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Once the PP and HDPE pieces were ready, cutting and finishing tests
were carried out, also at LABETRI (Figure 5). Starting with the saw cut,
each piece was sawn close to the pointed end, with the HDPE piece
having a smoother surface after cutting and the PP piece having a
rougher appearance. Afterward, a finishing test was carried out with a
bench sander, on the side of each piece, and the result was similar to
sawing, with the HDPE surface becoming quite smooth, and the PP
surface a little rougher, probably requiring longer sanding time with a
different sandpaper grain size. Finally, a test was carried out with laser
cutting. The pointed part of the pieces was used, which had already
been sectioned, as it was thinner (approximately 5 mm). Regarding this
cut, it was noticed that it deformed the material a little, as it uses heat,
resulting in a less precise result. PP was cut more easily by the laser,
while HDPE required greater power for the machine to perform the cut.

Figure 5 - (A) sanding, (B) saw cutting, and (C) laser cutting tests.

Source: Authors.

As cutting the packaging with scissors was a very laborious and
time-consuming process, it was decided to grind the polymeric
materials in a knife mill, in the Polymer Transformation Laboratory of
the Technical Industrial School of Santa Maria (CTISM). As had been
done previously, PP and HDPE packaging was sanitized and separated
by type of polymer and color. Initially, the goal was to crush the
polymers according to type and shade. In the Laboratory, however, it
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was realized that the material that had been gathered was not enough
to be crushed separately, as the knife mill was large. It was then
decided to combine HDPE and PP and crush them together,
differentiating them by shades, as only the white HDPE packages had
enough quantity to go through the mill separately (Figure 6).

Figure 6 - Polymer Grinding.
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| Source: Authors.

To prove whether the process of melting polymeric materials would
be possible with domestic equipment, an experiment was carried out
using a clothes iron, which can reach up to 200°C. A small polymer
sample was placed on a sheet of parchment paper, which was then
folded, covering the material. To prevent direct contact between the
iron and the paper, a cotton tissue was placed. For 20 minutes, the iron
was kept in contact with the sample, varying the side to ensure that all
polymer fragments had contact with the heat. When the equipment
was turned off, after a few seconds the sample was cooled down and
the parchment paper could be removed.

This experiment demonstrated thatitis possible to perform melting
using this domestic equipment, but itis a process that requires a lot of
time and active dedication from the person carrying out the activity.
Therefore, it is only viable when you want to produce small, low-
complexity products. Using a sample from this experiment, an attempt
was made to bend the material (Figure 7). The objective was to discover
how the material would behave when folded, accepting molding, or
breaking, to analyze this possibility for future projects. At LABETRI, part
of the sample was placed in contact with a heated metal and, upon
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softening, it was bent at an angle of approximately 90°. The result
showed that the method is possible, but would need to be improved
regarding temperature and time control, so as not to wear out the
material. It was also necessary to carry out finishing work on the piece
to remove melting residue. For this reason, it was decided not to
continue exploring these folds.

Figure 7 - Bending experiment.

Source: Authors.

The last polymer melting experiment was carried out in a hydraulic
press (Figure 8) at the Wood Chemistry Laboratory, of the Forestry
Engineering undergraduate course at UFSM. The press has two plates
that heat up, allowing the material to be melted. The technician
responsible for the Laboratory provided a metal mold to carry out the
test, which was 4 mm thick, 6 cm wide, and 26 cm long. Before the test,
the press was turned on and preheated for approximately one and a
half hours. The mold was placed on a thin aluminum plate and 45 g of
PP and HDPE were placed inside the mold. Another aluminum plate
was positioned on top of the mold. Because the mold is comprised only
of a lateral part, to facilitate the removal of the polymer, sheets of
parchment paper were placed between the top and bottom parts of
the mold and the plates. These components were placed in the press at
a temperature of 180°C for 20 minutes (Figure 8). They were removed
from the press twice to add more polymer to the mold and placed again
for the same temperature and time. When removed from the press,
the polymer required approximately two minutes for it to solidify again
so that the parchment paper could be removed. In total, 90 grams of
material were placed in the mold. At the end of pressing, the sheets of
paper were removed from the surface, and the polymer was demolded
using a pocket knife.
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Figure 8 - Firstexperimentonthep

Source: Authors.

Theresultwas quite satisfactory, as pressing allowed the polymer to
be more compacted, presenting a more precise shape with a smoother
surface at the end of the process. It was noticeable, however, that not
enough material was placed at the edges of the mold, causing a porous
appearanceinthese parts.

After carrying out tests with the material, it was investigated how
the polymer sheets would be connected for the subsequent
production of artifacts. To test the most viable way of joining parts, the
sample developed in the press was used, with three experiments being
carried out: screwing, welding, and cutting fittings on a CNC mill/MDX-
40A 3D. The sample was divided into parts, separating the most
compact piece for testing on the CNC equipment (Figure 9). First, a
fitting model was created in Rhinoceros 3D, which was then
transferred to the CNC software, which performed the cuttingin 1 hour
and 15 minutes. It was necessary to lightly abrade the pieces by hand
with sandpaper so that they both fit together, which resulted in a very
firmunion.
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Figure 9-Fitting teston the CNC machine.

Source: Authors.
For welding (Figure 10), a metal was heated and the ends of the part
were placed in contact with it. When the material was visibly melted,
the two ends were pressed together for a few minutes. The result on
the outside, after finishing with a craft knife, was quite satisfactory, as
the colored surface of the material prevents the joint from being
visible. On the inside, however, the excess melted polymer was difficult
to remove and could even cause the joint to break. The screwing test
(Figure 10), in turn, was a little difficult, as it needed to be very precise
due to the 4 mm thickness of the piece. The result was a very firm
union, however, notvery aesthetically satisfactory.

Figure 10 - Welding and screwing tests.

Source: Authors.

Among the possibilities for joining parts, fittings were those that
demonstrated a more precise result, with less possibility of failure and
less need for finishing. However, as the CNC machine used had a small
cutting area, it was decided to test the laser cutting process again, but
on a more modern cutting machine, in the CTISM Laboratory. With the
assistance of the responsible technician, a corner of one of the panels
was cut at different speeds and powers until the ideal parameters were
reached, which were a 4 mm/s speed and 95% power. This result was
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quite satisfactory, causing little melting and no burning of the material.
Therefore, the tests carried out made it possible to verify the
feasibility of mechanical recycling of PP and HDPE in an academic
context, using low-complexity and relatively accessible resources. The
results were positive and demonstrated possibilities for future
applicationsin artifact projects using secondary polymeric material.

CONCLUSIONS

This paper aimed to highlight the relevance of the theme of
sustainability in design and the need to insert circular premises in
projects, focusing on the mechanical recycling of polymers. In general,
the experiments reported in this research served to explore the
possibilities that post-consumer polymers can bring, demonstrating
their recyclability even in small-scale situations. The studies carried out
aim to serve as a basis for future activities with these materials to be
carried out more quickly, avoiding failed attempts.

Tests carried out in the furnace were important for understanding
the characteristics of PP and HDPE, in order to understand their
behavior during melting, comprehending, for example, that the
process should be done in layers to ensure that all parts were reached
by the heat. And, although these experiments were carried out in an
industrial oven, it is important to highlight that, as these polymers do
not require high temperatures to melt, domestic ovens can also be an
alternative, provided, of course, that they are no longer used for the
preparation of food.

Melting with iron and inside the mold makes it viable to develop
simple artifacts such as cup holders, key chain pendants, hooks, and
buttons, and can also be used in contemporary jewelry pieces (CIDADE
et al., 2021). Using the press, it is possible to produce larger products,
such as parts aimed at furniture design. This form of polymer recycling
provides even more added value with the possibilities of color
combinations of collected materials, which result in blended surfaces
and unique patterns.

It can be concluded that recycling these polymers is viable with this
equipment, but they require a relatively long time, which impacts
energy costs. It is important to understand its relevance as an
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experimental material for students, both in terms of raising awareness
aboutthe need to include sustainability as a design requirement as well
as stimulating perception about materials and creativity in ways of
applyingit.

Regarding the characteristics of the materials after heating, it can be
noted that the only difference that draws attention is the consistencies,
with HDPE being more viscous than PP, even when its temperature was
equal to 180°C. This factor, however, did not influence the final result,
with the two samples having very similar appearances, even in the
cutting tests with the saw and the finishing with sandpaper.

One can hope that the tests and results presented in this paper
could stimulate other researchers and contribute to the development
of more actions related to the recycling of post-consumer polymers.
Despite having been carried out in an academic environment, the
experiments demonstrated the general viability of the process and, as
future work, we intend to apply the knowledge generated in initiatives
that can generate income for organizations that select recyclable
materials, combining environmental and social sustainability.
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