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ABSTRACT

The development of the industrial world is getting faster from time to time. The
manufacturing industry is one of the industries that is very developed, especially in
the use of technology. Although there have been some studies on the tensile strength
of PLA filaments however, it is not yet clear about the effect of annealing treatment
on the tensile strength of PLA filaments from 3D printers. Therefore, this study was
conducted to determine the effect of annealing temperature on the tensile strength
of polylactic acid material printed by 3D printers. This research uses experimental
methods with the following conditions: The filament used is polylactic acid (PLA),
specimens are printed to 1ISO 527-2 standard and the annealing treatment
temperature are 50°C and 70°C. From the results of testing and data analysis that
has been carried out, it can be concluded that annealing treatment is quite
influential on the tensile strength value of polylactic acid (PLA) materials. The
greater the annealing temperature, the higher the tensile strength value. At 50°C
annealing the average tensile strength value is 15.89 MPa, while at 70°C annealing
the average tensile strength value is 16.66 MPa.

Keyword: additve manufacturing, annealing, fused deposition modeling, polylactic
acid, tensile strength.

ABSTRAK

Perkembangan dunia industri semakin pesat dari waktu ke waktu. Industri
manufaktur merupakan salah satu industri yang sangat berkembang terutama
dalam pemanfaatan teknologi. Meskipun telah ada beberapa penelitian mengenai
kekuatan tarik filamen PLA, namun belum jelas mengenai pengaruh perlakuan
annealing terhadap kekuatan tarik filamen PLA dari printer 3D. Oleh karena itu,
penelitian ini dilakukan untuk mengetahui pengaruh suhu annealing terhadap
kekuatan tarik bahan polylactic acid yang dicetak dengan printer 3D. Penelitian
ini menggunakan metode eksperimen dengan ketentuan sebagai berikut: Filamen
yang digunakan adalah polylactic acid (PLA), spesimen dicetak sesuai standar I1SO
527-2 dan suhu perlakuan annealing 50°C dan 70°C. Dari hasil pengujian dan
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analisis data yang telah dilakukan dapat disimpulkan bahwa perlakuan annealing
cukup berpengaruh terhadap nilai kekuatan tarik bahan asam polilaktat (PLA).
Semakin besar suhu annealing maka semakin tinggi nilai kuat tariknya. Pada suhu
annealing 50°C nilai Kuat tarik rata-rata sebesar 15,89 MPa, sedangkan pada suhu
annealing 70°C nilai kuat tarik rata-rata sebesar 16,66 MPa.

Kata Kunci: additive manufacturing, annealing, fused deposition modeling,

kekuatan tarik, polylactic acid.

INTRODUCTION

The development of the industrial
world is getting faster from time to
time. The manufacturing industry is
one of the industries that is very
developed, especially in the use of
technology (Attaran, 2017).

Additive manufacturing is a
technology that continues to evolve
for industrial manufacturing use. One
of the advantages of additive
manufacturing is the ability of a
sustainable production system (Javaid
et al., 2021). Additive manufacturing
is a production process by adding
material (Arif, 2016). One method of
additive manufacturing is fused
deposition modeling or FDM.

Fused deposition  modeling
(FDM) is the printing of three-
dimensional objects with a lower cost
and relatively fast process (Riza et al.,
n.d.). The most popular use of fused
deposition modeling technology is 3D
printing.

3D printer machines are one
technology that is increasingly
receiving great attention. 3D printer
technology is increasingly widely
used and the price is increasingly
affordable with various types. 3D
printer machines use filaments as raw
materials ~ for  printing  three-
dimensional objects (Ardiansyah et
al., 2021).

Filament is a form filler material
used in fused deposition modeling.

There are several types of filaments,
namely polyethylene terephthalate
glycol (PETG), acrylonitrile
butadiene styrene (ABS), polylactic
acid (PLA) and et cetera. Each of
these filaments has its advantages and
disadvantages.

Figure 1. Polylactic acid filament

PLA filaments are commonly
used as materials in 3D printers
because they have the advantages of
being easy to form, relatively cheap
and have good enough strength. PLA
has a printing temperature ranging
from 180°C to 210°C (Grabowik et al.,

2017).

There have been several studies
on tensile strength in polylactic
acid (PLA) materials (Valerga et
al., 2018) (Wicaksono and
Darmawan, 2023) (lkhsanto and
Zainuddin, 2020) (Romero et al.,
2021). Research by Lubis (Lubis et
al., 2021) regarding the influence
of process parameters on the
tensile test of 3D printing products
made from polylatic acid. The
results showed that the temperature
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of the extruder has a great
influence on the tensile strength
value.  Further research by
(Pratama et al., 2021) states that
the parameters that have the most
major influence on tensile strength
are nozzle temperature, layer
thickness and printing speed.

Annealing is the process of
heating the material at a certain
temperature then continued with
slow cooling. This process is
carried out to obtain the desired
material structure. (Affandi et al.,
2022) (Istiglaliyah and Rhohman,
n.d.) (Amanto and Daryanto,
2006).

Research conducted by Affandi
(Affandi et al., 2022) regarding the
effect of annealing steel ST 37 on
tensile strength. The results stated
that before the annealing process,
the average tensile strength of ST
37 steel was 50.56 kgf / mm?. The
average tensile strength of ST 37
steel after annealing is 31.45
kgf/mm?2.

Research by Puspasari
(Puspasari et al., n.d.) about the
effect of annealing on the hardness
of AISI 410-3MO-3Ni steel. The
results stated that the most optimal
hardness is AISI 410-3Mo-3Ni
steel with an annealing process at a
temperature of 760 °C for 6 hours,
which is 35.9 HRC.

Research by Istiglaliyah
(Istiglaliyah and Rhohman, n.d.)
about the effect of annealing
temperature variations on the
hardness of steel joints ST 37 has
the result, namely the increase in
annealing temperature and holding
time affects the level of hardness at
test points, especially in welded
joints.

Study by Owen (Owen et al.,
2023) regarding the effect of high
temperature optimization on the
properties of natural kenaf fiber-
filled engineering plastic
composites. The best processing
temperature was found to be

240°C. At this temperature, the
material had the best combination
of mechanical and thermal
properties, and the coated fillers
adhered well to the matrix. This
was better than what was seen at
250°C and 260°C. Due to their
high-temperature resistance, these
composites are well-suited for
demanding applications in
industries like automotive and
construction.

Research by Takeuchi
(Takeuchi et al., 2023) stated that
bamboo fibers that were mixed
with various polymers (PE, PP,
PA12, ABS, PA6 and Durabio)

Figure 2. 3D printer

using a single extruder and
injection-molded into cylindrical
shape specimens were then heated
using injection molding
temperature at 170°C, 200°C,
215°C, 225°C, 230°C, 240°C,
250°C, 260°C and 270°C. Heating
bamboo fibers to temperatures
higher than 250 degrees for a
constant  period  significantly
weakens them. The tensile strength
of bamboo fibers were greatly
decrease. The tensile strength of
the bamboo fibers heated at 250 °C
for 7 min was relatively 50% of
that heated at 210 °C.

Although there have been
some studies on the tensile strength
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of PLA filaments (Subakti et al.,
2021) however, it is not yet clear
about the effect of annealing
treatment on the tensile strength of
PLA filaments from 3D printers.
This is important  because
annealing has a positive influence
on the tensile strength of a materal.
Therefore, this study was
conducted to determine the effect
of annealing temperature on the
tensile strength of polylactic acid
material printed by 3D printers.

METHOD

This research uses experimental
methods with the following
material and conditions:

1. The filament used is
polylactic acid (PLA).

2. Specimens are printed to
ISO 527-2 standard (ISO
527-2, 2019)

3. Specimens are printed using
Kingroon KP3S 3D printer
machine.

4. The annealing treatment

temperature are 50°C and
70°C

Table 1. Printing parameters

Anneal Nozzle Layer Printin
ing Temperature Thicknes | g Speed
Tempe (°C) s (mm) (mml/s)
rature
0
50 200 0.2 40
70 200 0.2 40

The stages of the experiment are as
follows:

1. Creation of three-
dimensional specimen
design based on I1SO 527
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standard using TinkerCAD
software. The three-
dimensional design is then
sliced using Cura software.

2. Printing the specimens: 5
specimens for each
annealing process (50°C
and 70°C). Each specimen
were then proceeded to
annealing process. Total
specimens are 10.

3. Each specimen is tested
with a tensile testing
machine so that the tensile
strength value is obtained.

Figure 3. Specimen dimension I1SO
527-2

RESULTS AND DISCUSSION
Tensile Testing Results

Specimens that have been printed
using the Kingroon KP3S machine
are then annealing with temperatures
of 50°C and 70°C. The specimen is
heated in a closed chamber. The
temperature is varied to know how
the relation of the temperature with
its dependent variable. The
duration is 1 hour. After the
annealing process is finished, the
specimen would be cool down for
about 3 hours. Each temperature
uses 5 test specimens. After the
annealing process, tensile test
testing is then carried out.
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Figure 4. Testing specimens

Table 2. Tensile Test Results with
50°C Annealing

UNIT TENSILE
STRENGTH
(MPA)

SPECIMEN Al 16.22

SPECIMEN A2 15.99

SPECIMEN A3 16.61

SPECIMEN A4 14.97

SPECIMEN A5 15.70

AVERAGE 15.89

Table 3. Tensile Test Results with
70°C Annealing

UNIT TENSILE
STRENGTH
(MPA)

SPECIMEN B1 17.57

SPECIMEN B2 16.90

SPECIMEN B3 15.67

SPECIMEN B4 17.39

SPECIMEN B5 15.77

AVERAGE 16.66

Table 2 shows the results of
tensile testing with 50°C annealing
treatment. Of the 5 specimens tested,
the highest value was 16.61 MPa and
the average tensile strength value was
15.89 MPa.

From Table 3. shows the
results of tensile testing with
annealing treatment 70°C. Of the 5
specimens tested, the highest value
was 17.57 MPa and the average
tensile strength value was 16.66
MPa.

Tensile Testing Analysis

After tensile testing is carried out, an
analysis is carried out to see the effect
of annealing on tensile strength.
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Figure 5. Tensile Strenth of polylactic
acid filament

In Figure 3 it can be seen that
the tensile strength value of the
specimen at 50°C annealing has the
lowest tensile strength value is
14.97 MPa and the highest tensile
strength value is 16.61 MPa. While
the tensile strength value of the
annealing specimen of 70°C has
the lowest tensile strength value is
15.67 MPa and the highest tensile
strength value is 17.57 MPa.

An increase in annealing
temperature indicates an influence
on the mechanical properties of
polylactic acid materials.. When a
thermoplastic polymer is under a
thermal energy, the intermolecular
bond can move relatively easier
among the other. Also, because of
the weakening of the
intermolecular bond, the structure
of the PLA will start to realign and
restructure itself into a crystalline
formation. The crystallization of
the polymer chain in PLA is
divided into two area which is
crystallization growth and
nucleation controlling which both
depend on the thermal energy
within. Polylactic acid material
becomes harder and less ductile
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CONCLUSION

From the results of testing and data
analysis that has been carried out,
it can be concluded that annealing
treatment is quite influential on the
tensile strength value of polylactic
acid (PLA) materials. The greater
the annealing temperature, the
higher the tensile strength value.
At 50°C annealing the average
tensile strength value is 15.89
MPa, while at 70°C annealing the
average tensile strength value is
16.66 MPa.
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