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Polyethylene terephthalate (PET) is one of the most widely used thermoplastic
polymers in packaging applications, contributing significantly to global plastic
waste generation. Mechanical recycling of post-consumer PET (tPET) offers a
practical solution to reduce environmental impact; however, the variability of
feedstock obtained from decentralized waste collection systems, such as waste
banks, poses challenges in ensuring consistent material performance. This study
aims to characterize the mechanical properties and melt flow behavior of post-
consumer rPET derived from waste bank sources and processed using twin-
screw extrusion. PET bottle waste was collected, cleaned, and processed into
pellets under controlled extrusion conditions. The resulting material was
evaluated through melt flow index (MFI) tested at 270°C with an applied load
of 2.16 kg in accordance with ASTM D1238, alongside tensile strength,
hardness, and elongation at break tests. The results show that the recycled PET
exhibits an average MFI of 60.8 g/10 min, tensile strength of 64.1 MPa,
hardness of 84.9 Shore D, and elongation at break of 10.9%. The tensile strength
falls within the range previously reported for mechanically recycled PET (48.3—
72.4 MPa), while the low elongation at break reflects reduced ductility
consistent with thermo-mechanical degradation. This study provides
preliminary baseline data on the properties of rPET sourced from waste bank
systems, offering foundational insights into its potential suitability for rigid
secondary manufacturing applications where structural stability is prioritized
over flexibility, pending broader validation with larger sample sizes and direct
comparative testing against commercially recycled PET.

1. INTRODUCTION

Polyethylene terephthalate, a widely utilized thermoplastic
polymer in packaging applications—particularly for
beverage bottles and food containers—is valued for its
superior mechanical strength, transparency, and chemical
resistance [1], [2]. The pervasive application of PET has
precipitated a marked escalation in post-consumer plastic
waste, notably in developing countries like Indonesia [3].
Mechanical recycling emerges as one of the most viable
strategies for PET waste management, attributable to its
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comparatively low cost and technological simplicity
relative to chemical recycling approaches [4].

In mechanical recycling processes, PET is subjected to
successive thermo-mechanical treatments that may trigger
chain scission and a concomitant reduction in molecular
weight. Such degradation typically manifests in
rheological alterations, including elevated melt flow index
values, with potential implications for mechanical
properties [5]. Nevertheless, the degree of these
modifications is largely contingent upon feedstock quality
and processing parameters. Within practical recycling
contexts—particularly decentralized systems—the

Attribution-NonCommercial 4.0 International. Some rights reserved


https://doi.org/10.35583/js.v14i1.423
http://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:meilani@polibatam.ac.id

JURNAL SAINSTEK STT PEKANBARL

heterogeneity of input materials emerges as a pivotal
determinant of the final attributes of recycled PET [6].

In Indonesia, community-based waste bank systems (bank
sampah) collect a significant portion of post-consumer
plastic waste, supporting circular economy initiatives and
reducing environmental pollution through manual sorting
and decentralized collection. However, these processes
introduce variability in material quality—including
contamination levels, prior thermal exposure, and polymer
heterogeneity—posing challenges to feedstock consistency
and processing efficiency, as noted in previous studies [7],

(8].

Such variability significantly influences the rheological
and mechanical behavior of recycled PET. The
preponderance of existing rPET research employs
controlled laboratory or industrial settings with
homogeneous, well-sorted feedstocks, which may not
adequately represent the material characteristics arising
from real-world decentralized recycling systems in
developing countries [9]. Furthermore, while twin-screw
extrusion is recognized for its superior mixing capability
and processing control relative to single-screw
alternatives, its application to heterogeneous post-
consumer PET sourced from community-based collection
systems remains underexplored. Crucially, the
simultaneous characterization of melt flow behavior
alongside a comprehensive set of mechanical properties—
tensile strength, hardness, and elongation at break—for
rPET derived specifically from waste bank feedstock has
received limited attention in the literature.

Therefore, the novelty of this study lies in providing
systematic  baseline characterization of both the
mechanical properties and melt flow behavior of rPET
sourced exclusively from Indonesian waste bank systems
and processed under controlled twin-screw extrusion
conditions. By addressing the gap between idealized
laboratory studies and the material realities of
decentralized recycling practice, this work aims to generate
foundational data to support evidence-based evaluation of
waste bank-derived rPET for potential use in secondary
manufacturing applications.

2. LITERATURE REVIEW

Thermo-mechanical degradation constitutes a primary
process in the mechanical recycling of polyethylene
terephthalate, predominantly arising from chain scission
during successive extrusion cycles. This degradation
results in diminished molecular weight and intrinsic
viscosity, thereby influencing the material's rheological
characteristics. The melt flow index serves as a prevalent
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measure of these alterations, with elevated MFI values
signifying reduced molecular weight and melt viscosity.
Such modifications impact processability and can modify
the mechanical properties of recycled PET [10], [11]

Prior investigations indicate that the interplay between
degradation and mechanical properties is intricate and
often non-linear [12], [13], [14], [15]. Although molecular
weight reduction generally impairs ductility, its effect on
tensile strength varies according to processing conditions
and structural factors like crystallinity [16]. In certain
instances, enhanced crystallinity or molecular orientation
induced by processing may offset molecular weight loss,
thereby sustaining tensile strength amid substantial
degradation [17]. Nevertheless, elongation at break
consistently demonstrates heightened sensitivity to
degradation, exhibiting pronounced declines across
multiple processing iterations [18].

Beyond tensile attributes, hardness represents a critical
mechanical metric indicative of surface resistance and
material stiffness, especially pertinent to applications
demanding structural integrity. Despite its importance,
hardness data remain scarce in recycled PET literature,
which predominantly emphasizes tensile strength and
elongation. This paucity limits comprehensive insights into
the mechanical profile of rPET, particularly for uses where
surface durability is paramount.

Feedstock variability arising from decentralized collection
systems further compounds the complexity of rPET
characterization. Inconsistent ~ sorting  practices,
contamination, and varied usage histories inherent to
community-based waste bank systems introduce
heterogeneity that affects both rheological and mechanical
outcomes [17]. Yet despite its practical significance, this
source of variability remains underexplored in existing
scholarship, with most studies relying on well-sorted or
pre-processed feedstocks that do not reflect real-world
decentralized recycling conditions.

Collectively, these gaps highlight the need for baseline
characterization studies that account for feedstock
heterogeneity under controlled processing conditions. This
study directly addresses this need by reporting on the
mechanical properties and melt flow behavior of rPET
obtained from waste bank feedstock processed via twin-
screw extrusion, providing data that bridges idealized
laboratory findings and the material realities of
community-based recycling systems.
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3. METHODOLOGY

Post-consumer PET bottle waste was collected from local
waste collection centers in Indonesia during a three-month
period. Bottles were manually sorted to remove caps,
labels, and contaminants, then washed with detergent and
rinsed with distilled water. Clean flakes were obtained by
cutting the bottles into pieces of approximately 5 mm X 5
mm. The flakes were dried in a vacuum oven at 80 °C for
12h to reduce moisture content below 0.02% prior to
extrusion.

Figure 1. Plastic Wate Collection Process at Harapan
Jaya Waste Bank

PET flakes were processed into pellets using a co-rotating
twin-screw extruder with an L/D ratio of 25. The extrusion
temperature profile was set from 240 °C (feeding zone) to
270 °C (die zone), and the screw speed was maintained at
120 rpm. The melt was pushed through a strand die, cooled
in a water bath, and then made into regranulated pellets.

The extrusion process, a widely utilized method in
mechanical recycling for producing regranulated material,
allows for partial control of degradation by varying
temperature and screw speed [14]. These pellets then
underwent characterization for their melt flow index and
subsequent mechanical performance evaluation to assess
the impact of the extrusion process on their material
properties. To produce specimens conforming to the tensile
standard, rPET pellets were molded into tensile specimens
using an injection molding process. Due to limited material
and testing capacity, three specimens were prepared for
tensile testing. Hardness was measured on one molded
specimen at five locations.

Tensile testing was conducted according to ASTM D638
using three specimens, and tensile strength and elongation
at break were recorded and reported as mean + standard
deviation. The melt flow index was measured according to
ASTM D1238 at 270°C/2.16 kg based on three replicate
measurements and reported in g/10 min. Shore D hardness
was assessed according ASTM D2240 at five points on one
specimen, and the mean and standard deviation of these
readings were reported.
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4. RESULT AND DISCUSSION

4.1. Hardness Testing

The hardness assessment of recycled PET plastic was
performed in accordance with the ASTM D2240 standard,
which prescribes the Shore D durometer device for
quantifying the hardness of plastics. Measurements were
conducted using a calibrated Shore D durometer equipped
with a standardized indenter. This technique involved
applying a regulated force to the surface of the PET
samples while measuring the extent of penetration.

Hardness is measured by applying pressure at five result
points on a specimen. Table 1 presents the hardness testing
results for a single rPET specimen.

Table 1. Hardness Testing Result
Point Hardness Avg. Hardness
(Shore D) (Shore D)
84.5 84.9
84.0
84.5
86.5
85.0

[ N O R S

The hardness testing findings indicated that the recycled
PET samples had an average Shore D hardness value of
84.9. The uniformity of hardness observed in the tested
samples indicates consistent mechanical properties
throughout the recycled PET material. This hardness value
is consistent with rigid polymer materials and supports the
overall mechanical characterization of the rPET pellets.

This hardness level is consistent with rigid thermoplastic
materials and falls within the typical range reported for
recycled PET in previous studies [19]. The observed
hardness suggests that, despite potential variability in
waste bank feedstock, the extrusion process was able to
produce a material with stable surface resistance and
rigidity. This characteristic is particularly relevant for
applications requiring dimensional stability and wear
resistance.

4.2. Tensile Strength Testing

Tensile testing is a method used to ascertain certain
mechanical characteristics of a material. The process
involves clamping a specimen known as a dog-bone, as
shown in figure 2, with the device. The specimen is then
exposed to carefully regulated tensile stress (measured in
N/mm?) until it breaks.
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Figure 2. A Tensile Test Specimen Dimension (ASTM
D638)

Table 2 below presents the tensile strength results for rPET
with average result is 64.1 N/mm?. The results reveal a
notable set of properties that exhibit characteristics typical
of a more fragile material.

Table 2. Tensile Strength Result

Sample  Tensile Avg.  Tensile
Strength Strength
(N/mm?) (N/mm?)

1 63.5 64.1

2 64.1

3 64.6

The obtained tensile strength (64.1 MPa) is comparable to
previously reported values for recycled PET (48.3-72.4
MPa) [20], these results suggest that rPET derived from
waste bank sources can achieve mechanical performance
comparable to conventionally recycled PET under
controlled processing conditions. This finding supports its
potential application in products where strength and
rigidity are prioritized.

4.3. Elongation Strength Testing

An extensometer was utilized alongside a tensile testing
machine to ascertain the elongation at break of recycled
PET. The Table 3 below presents the elongation test results
for rPET with average result is 10.9%.

Table 3. Elongation Strength Result
Sample  Elongation Avg. Elongation SD (%)
Strength (%) at Break (%)

1 12.7 10.8 242
8.1
3 11.7

The average elongation at break was 10.9% with a standard
deviation of 2.42%, indicating moderate inter-specimen
variability. This spread is most notably reflected in Sample
2 (8.1%), which deviated considerably from Samples 1
(12.7%) and 3 (11.7%), likely attributable to localized
specimen defects or heterogeneity in the waste bank
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feedstock rather than a systematic processing issue.
Despite this variability, all values consistently indicate
limited ductility, which is characteristic of mechanically
recycled PET subjected to thermo-mechanical degradation.
Chain scission during recycling reduces molecular
entanglement and limits the material's capacity for plastic
deformation, resulting in the brittle behavior observed
across all specimens. Compared to tensile strength,
elongation at break is more sensitive to molecular
degradation [21]. The relatively low elongation observed
in this study suggests that the recycled material exhibits a
more brittle behavior, which is commonly reported in the
literature for mechanically recycled PET.

This characteristic should be considered in application
design, as the material may be less suitable for products
requiring high flexibility or impact resistance but still
appropriate for rigid structural components.

4.4. MFI Testing

The MEFI test quantifies the flow characteristics of
thermoplastics, including rPET. In accordance with ASTM
D1238, the test was conducted at 270°C with an applied
load of 2.16 kg, exposing the material to regulated
temperature and pressure to determine its flow rate. The
MEFI value quantifies the viscosity of a material and is
commonly expressed in grams per 10 minutes [22]. Table
4 presents the melt mass flow rate results for rPET, with an
average result of 60.8 g/10 min.

Table 4. MFI Testing Result
Sample MFI Value Avg. MFI Value

(g/10 min) (g/10 min)
1 61.2 60.8
2 59.8
3 61.3

This relatively high MFI value indicates increased melt
flowability and reduced viscosity, which are commonly
associated with decreased molecular weight due to thermo-
mechanical degradation [23]. In the context of processing,
higher MFT values generally facilitate easier flow during
extrusion and molding operations. However, this increase
in processability often reflects underlying degradation
mechanisms that may influence mechanical performance.
The obtained MFI value falls within the upper range
typically reported for recycled PET, suggesting that the
material has undergone significant, yet expected, structural
changes during recycling.

Despite the high MFI, the mechanical properties measured
in this study remain within acceptable ranges for recycled
PET, indicating that the material retains functional
performance for certain applications. This observation
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highlights the importance of evaluating both rheological
and mechanical properties to obtain a comprehensive
understanding of recycled polymer behavior.

5. CONCLUSION

This study has presented a characterization of the
mechanical properties and melt flow behavior of post-
consumer recycled PET (rPET) derived from waste bank
feedstock and processed using twin-screw extrusion. The
results indicate that the material exhibits an average tensile
strength of 64.1 MPa and hardness of 84.9 Shore D, with
tensile strength falling within the range previously reported
for mechanically recycled PET (48.3-72.4 MPa),
indicating measurable strength and rigidity under the tested
processing conditions. However, the elongation at break
was relatively low (10.9% =+ 2.42%), indicating reduced
ductility due to thermo-mechanical degradation during
recycling.

The measured melt flow index (60.8 g/10 min) suggests a
decrease in molecular weight, which is consistent with the
expected effects of repeated thermal processing. Despite
this, the material maintains functional mechanical
performance for applications where basic rigidity is the
primary requirement, though broader application
suitability requires further characterization.

These findings suggest that rPET obtained from
decentralized waste bank systems can be processed into
materials with consistent and usable properties under
controlled extrusion conditions. As a baseline study, this
work provides fundamental data for evaluating the
potential utilization of waste bank-derived rPET in non-
critical rigid applications, pending further validation
through impact, flexural, thermal, and long-term
performance testing.

Future work is recommended to include a larger sample
size, additional mechanical and thermal characterization,
and molecular-level analysis to better understand
structure—property relationships and to improve material
performance.
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