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ABSTRACT

In many polymer compounds, Polylactic Acid (PLA) is a polyalcohol material that has the most potential
material which is potent for biological degradation. They have been applied as filaments in additive
manufacturing. The PLA properties can be modified by adding nanomaterials such as graphite
nanoplatelets. This study aims to obtain the characteristics of PLA-based filament nanocomposite with
nanographite reinforcement. Methods include exploration research to obtain nanocomposite filament with
PLA and 1% of nanographite. The mixing process of nanographite in PLA solution with chloroform solvent
and then the extrusion process of nanocomposite using a single extruder. The product comparison before
and after the extrusion process was analyzed using X-ray diffraction and Fourier Transform infrared.
Diffractogram results indicate that the original PLA structure is amorphous, and after mixing using
nanographite, peaks of nanographite appeared clearly. After the extrusion process, some peaks at 16.7° and
19.1° disappeared, but only a peak 26.6° appeared in the diffractogram. Extrusion makes the structure
change. Functional group analysis confirms that some reactions occurred so that many peaks were removed,
and several new peaks were observed. It indicates that the extrusion process of PLA/nanographite results in
different structures and functional groups that indicate a change in its properties.
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I. Introduction

Plastic is a versatile material with advantages such as relatively high mechanical
strength, low density, lightweight, easy processing, and low cost. Due to this, plastics have
been used in many industrial fields and thus become a source of large amounts of waste.
BPS in 2021 states that Indonesia's plastic waste reaches 66 million tons per year [1],
becoming the second largest waste producer in the world and requiring serious handling,
such as reprocessing it into products of economic value.

3D-Printing is an additive manufacturing technology that is developing with great
potential in various fields. Compared to injection molding, 3D-Printing is predicted to grow
from 18% in 2018 to 32% in 2026 [2], worth between USD7-23 billion to USD51.77 billion
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in 2026 with 200 million users [3]. Commonly used polymer 3D-Printing filament materials:
ABS, PLA, and PP [4]. However, the price of these filaments is quite expensive, so it needs
to be overcome by producing 3D-Printing filaments from plastic waste. However, the use of
plastic waste causes the strength to decrease by 11% [5][6], the impact strength decreases
by 20.2%][7] and the shear strength increases by 6.8%, frequent blockages in the nozzle, and
the hardness decreases by 2.4%[8]. In addition, filaments from plastic waste tend to have
rough and curved surfaces [9]. Therefore, the use of plastic waste to produce quality
filaments needs to be done with the help of nanomaterials.

Efforts to improve the properties of recycled polymers are carried out by adding
reinforcing nanomaterials in polymers such as synthetic/natural [10]-[11], graphite [12],
graphene [13], and organoclay [14]. Titanium dioxide (TiO2), as a reinforcement, has a
spherical shape, surface chemical properties, and ceramics have been shown to improve the
properties of various polymers [15],[16] such as mechanical properties, dimensional and
surface stability compared to pure polymers [17]. Nanoclays are elaborating nanocomposites
that are light in weight, low in cost, have high strength, abundant availability, high surface
area, and reactivity [18]. Nanoclay has a platelet structure similar to graphite [19] known as
a solid lubricant [20]. The platelet structure is known to function as a lubricant to improve
the rheological properties of the polymer and reduce shear during the extrusion process. The
addition of nanoclay to PLA is known to increase the modulus by 10-14% [21] and exhibit
more properties at low loading levels [22]-[23]. Some researchers use graphite to strengthen
the filament and make the filament conductive [24],[25] also improving its rheological
properties, which are used for the production of better electrochemical devices [26]. The
main problem in producing good nanocomposites is not only the nanographite exfoliation
process but its coalescence and homogeneity, so in this study, we analyze the structure of a
functional group of fabricated 3D-printing filaments from PLA with nanographite
nanomaterials as reinforcement.

I1. Material and Methods

1. Materials

The primary material in this study used Polylactide Acid (PLA) granules obtained
through Doudeke (Guangdong, China). Chloroform (CHClIs) was obtained through Sigma
Aldrich (USA). Nanographite was obtained from CV. Surya Techno Chemlab (Malang,
Indonesia).

2. Mixing PLA/Nanographite

1.5 g of nanographite was dissolved in 450 ml of chloroform using a magnetic stirrer
for 15 minutes at a rotation speed of 500 rpm at ambient temperature. The solution was
sonicated using an ultrasonic homogenizer for 30 minutes. 150 g of PLA was added to the
solution and stirred using a magnetic stirrer at 300 rpm for 90 minutes. The PLA
nanographite solution was allowed to stand for 24 hours to dissolve the PLA further. The
PLA nanographite solution allowed to sit was stirred using a mixer for 15 minutes. The
drying of PLA nanographite was done by pouring the solution into the mold and allowing it
to stand for 48 hours at room temperature. The dried PLA nanographite was taken in a mold
and cut using a cutting machine to obtain PLA pellets.
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3. Extrusion Process

PLA pellets were processed using a single screw extruder (Wellzoom Extruder, China).
The extrusion process was carried out at a temperature of 170 °C with a screw speed of 10
rpm. Filament pulling is carried out at a pulling speed of 4.4 rpm [27].

4. XRD Analysis

X-ray diffraction (XRD) analysis was conducted using PanAnalysical Expert pro-
diffraction within a diffraction angle of 10-90°.

5. FTIR Analysis

FTIR analysis was performed to analyze the functional groups. The test sample was
scanned with a wave range of 4000 cm™ to 400 cm™ at a resolution of 4 cm™ [28]. The test
sample was cut to 10mm x 10mm. The device used in this test is the Shimadzu IR Prestige-
21, belonging to the Laboratory of Advanced Minerals and Materials, Universitas Negeri
Malang (Indonesia).

I11. Results and Discussions

The product filament of PLA is shown in Figure 1. The control PLA used as filament
has a clear color and smooth surface roughness. Control PLA dissolved in chloroform and
mixed with nanographite had a darker color, and the structure of the filament became harder.
PLA-nanoraphite nanocomposite has a rougher surface roughness compared to PLA before
being combined with nanographite.

Y

Fig. 1. Results of mixing of nanographite into PLA with chloroform solvent

A. Structure of Nanocomposite Filament

The results of XRD testing of control PLA, PLA with nanographite before extruder, and
PLA with nanographite with extruder are shown in Figure 2. XRD data processing using
Origin software. Based on the data processing, the crystal structure of the control PLA
showed an amorphous structure [29]. Figure 2 shows the appearance of crystals formed in
the PLA-nanographite before the extruder at 16.7°, 19.1°, and 26.6°. PLA-nanographite after
extruder showed a loss of peaks at 16.7° and 19.1°, and decreased at the peak of 26.6°.
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PLA with chloroform solvent showed diffraction peaks at 17° and 19° [30]. PLA with
chloroform solvent made PLA-nanographite without extrusion have a crystalline structure
because of the solvent nature of Chloroform, which interacts with the polymer chain, making
the polymer-solvent interaction stronger and forming a crystal structure. Crystallinity in
PLA is also affected by the boiling point of the solvent. Solvents with high boiling points
require more time to evaporate, thereby facilitating crystal growth, while solvents with low
bp limit crystallization time. Chloroform has a higher boiling point than methylene chloride
and takes more time to evaporate, thus causing more crystallization at room temperature
drying before the extruder.
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Fig. 2. Diffractogram of XRD in PLA control, PLA-nanographite without extrusion, and PLA-
nanographite with extrusion

A decrease in peak intensity was caused by cooling the PLA-nanographite too quickly
after the PLA-nanographite came out of the extruder nozzle so that the crystallinity structure
had not yet had time to form [31]. Another cause of the loss of peaks and a decrease in
crystallinity is the extrusion process being too fast so that the crystallinity of the PLA-
nanographite after the extruder becomes amorphous. According to Liu et al. [30], producing
higher crystallinity requires a long holding temperature.

B. Functional Group of Nanocomposite Filament

Processing of the Fourier Transform Infra Red (FTIR) test results to determine the
content of PLA, chloroform, and nanographite. The FTIR analysis results are a spectrum
with a wavelength to assess the PLA, chloroform, and nanographite content through the
FTIR reference data. Since the drying process was only carried out under atmospheric
conditions, an FTIR analysis was carried out to determine the presence or absence of
chloroform residue. The FTIR spectra of PLA and microcomposite are presented in Figure
3.
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Figure 2 indicates that the peak at 1780 cm™. Its wavenumber corresponds to the
vibration of the C=0 bond of the carbonyl group. The peak at 1415 cm™ corresponds to the
C—H strain of CHa. Peaks of 1068 and 1369 cm™ correspond to the C—O—C bond strain of
the alkoxy, indicating the epoxy function of Graphene [32]. The most typical absorption of
the C-O ester strain is 1187 cm™. The peaks at 1546 and 1643 cm™ are related to the
characteristic carbonyl and carboxyl functions. In addition, the addition of graphene to
oxygen-containing groups increases the miscibility and dispersion of graphene in the matrix
through hydrogen bonding/electrostatic interactions [33].
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Fig. 3. FTIR of PLA control, PLA-nanographite without extrusion, and PLA-nanographite with
extrusion

1. Conclusions

PLA control has an amorphous crystalline structure. The addition of nanographite to the
control plate caused the emergence of new peaks at 16.7°, 19.1°, and 26.6° caused by the
drying method of PLA, which had been dissolved with chloroform as solvent and mixed
with nanographite, which required slow and long drying time. Long cooling time will
increase the crystallinity of the material. PLA-nanographite after extruder removed 2 peaks
at 16.7°, and 19.1° and decreased peaks at 26.6°. The addition of nanographite into PLA
raises some new functional group peaks. The addition of nanographite to oxygen-containing
groups increases the miscibility and dispersion of nanographite in the matrix through
hydrogen bonding/electrostatic interactions.

Acknowledgment

Gratitude is delivered to LPPM Universitas Negeri Malang through a research grant
from PHIKA 2022.

Suryanto et al. (Analysis of Structure and Functional Group of PLA/Nanographite Filament)



134

Journal of Mechanical Engineering Science and Technology ISSN 2580-0817
Vol. 7, No. 2, November 2023, pp. 129-136

References

[1]
2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Liputan6.com, “Indonesia Produksi 66 Juta Ton Limbah Plastik per Tahun, Apa
Solusinya?,” Liputan6.com.

S. Wickramasinghe, T. Do, and P. Tran, “FDM-Based 3D printing of polymer and
associated composite: A review on mechanical properties, defects and treatments,”
Polymers (Basel), vol. 12, no. 7, pp. 1-42, 2020, doi: 10.3390/polym12071529.

A. Oussai, Z. Bartfai, and L. Katai, “Development of 3d printing raw materials from
plastic waste. A case study on recycled polyethylene terephthalate,” Applied Sciences
(Switzerland), vol. 11, no. 16, 2021, doi: 10.3390/app11167338.

N. Shahrubudin, T. C. Lee, and R. Ramlan, “An overview on 3D printing technology:
Technological, materials, and applications,” Procedia Manuf, vol. 35, pp. 1286-1296,
2019, doi: 10.1016/j.promfg.2019.06.089.

P. McKeown and M. D. Jones, “The Chemical Recycling of PLA: A Review,”
Sustainable Chemistry, vol. 1, no. 1, pp. 1-22, 2020, doi: 10.3390/suschem1010001.
A. Paspali, Y. Bao, D. T. Gawne, F. Piestert, and S. Reinelt, “The in fluence of
nanostructure on the mechanical properties of 3D printed polylactide / nanoclay
composites,” Composites Part B, vol. 152, no. May, pp. 160-168, 2018, doi:
10.1016/j.compositesh.2018.07.005.

V. Peinado, P. Castell, L. Garcia, and A. Fernandez, “Effect of extrusion on the
mechanical and rheological properties of a reinforced poly(lactic acid): Reprocessing
and recycling of biobased materials,” Materials, vol. 8, no. 10, pp. 71067117, 2015,
doi: 10.3390/ma8105360.

I. Anderson, “Mechanical Properties of Specimens 3D Printed with Virgin and
Recycled Polylactic Acid,” 3D Print Addit Manuf, vol. 4, no. 2, pp. 110-115, Jun.
2017, doi: 10.1089/3dp.2016.0054.

Herianto, S. I. Atsani, and H. Mastrisiswadi, “Recycled Polypropylene Filament for
3D Printer: Extrusion Process Parameter Optimization,” IOP Conf Ser Mater Sci Eng,
vol. 722, no. 1, 2020, doi: 10.1088/1757-899X/722/1/012022.

S. Hamid and R. Sanei, “3D-Printed Carbon Fiber Reinforced Polymer Composites :
A Systematic Review,” Composite Science, vol. 4, no. 98, pp. 1-23, 2020.

S. Chaitanya, I. Singh, and J. Il Song, “Recyclability analysis of PLA/Sisal fiber
biocomposites,” Compos B Eng, wvol. 173, p. 106895, 2019, doi:
https://doi.org/10.1016/j.compositesb.2019.05.106.

V. Mazzanti, L. Malagutti, and F. Mollica, “FDM 3D printing of polymers containing
natural fillers: A review of their mechanical properties,” Polymers (Basel), vol. 11,
no. 7, 2019, doi: 10.3390/polym11071094.

M. Mann, “Graphite Based Semi-Conductive 3D Printing Filament,” Columbia
Undergraduate Science Journal, vol. 13, pp. 17-20, 2019.

J. C. Camargo, A. R. Machado, E. C. Almeida, and E. F. M. S. Silva, “Mechanical
properties of PLA-graphene filament for FDM 3D printing,” The International
Journal of Advanced Manufacturing Technology, vol. 103, no. 5, pp. 2423-2443,
2019, doi: 10.1007/s00170-019-03532-5.

C. Aumnate, S. Limpanart, N. Soatthiyanon, and S. Khunton, “PP / organoclay
nanocomposites for fused filament fabrication (FFF) 3D printing,” Express Polym
Lett, vol. 13, no. 10, pp. 898-909, 2019.

N. Vidakis, M. Petousis, L. Tzounis, A. Maniadi, E. Velidakis, N. Mountakis, and J.D.
Kechagias, “Sustainable additive manufacturing: Mechanical response of polyamide

Suryanto et al. (Analysis of Structure and Functional Group of PLA/Nanographite Filament)



ISSN:

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

2580-0817 Journal of Mechanical Engineering Science and Technology 135
Vol. 7, No. 2, November 2023, pp. 129-136

12 over multiple recycling processes,” Materials, vol. 14, no. 2, pp. 1-15, 2021, doi:
10.3390/mal14020466.

C. Aumnate, S. Limpanart, N. Soatthiyanon, and S. Khunton, “PP / organoclay
nanocomposites for fused filament fabrication (FFF) 3D printing,” Express Polym
Lett, vol. 13, no. 10, pp. 898-909, 20109.

S. Kumar, R. Singh, and M. Singh, “Multi-material 3D printed PLA/PA6-TiO2
composite matrix: rheological, thermal, tensile, morphological and 4D capabilities,”
Advances in Materials and Processing Technologies, vol. 00, no. 00, pp. 1-19, 2021,
doi: 10.1080/2374068X.2021.1912527.

Md. F. Hossen, S. Hamdan, Md. R. Rahman, Md. M. Rahman, F. K. Liew, and J. C.
Lai, “Effect of fiber treatment and nanoclay on the tensile properties of jute fiber
reinforced polyethylene/clay nanocomposites,” Fibers and Polymers, vol. 16, no. 2,
pp. 479-485, Mar. 2015, doi: 10.1007/s12221-015-0479-x.

W. Huai, C. Zhang, and S. Wen, “Graphite-based solid lubricant for high-temperature
lubrication,” Friction, 2020, doi: 10.1007/s40544-020-0456-2.

T. O. Azeez, “Thermoplastic-recycling-properties-modifications-and-applications,”
Rijeka: Interchopen, 2019.

A. Paspali, Y. Bao, D. T. Gawne, F. Piestert, and S. Reinelt, “The in fluence of
nanostructure on the mechanical properties of 3D printed polylactide / nanoclay
composites,” Composites Part B, vol. 152, no. May, pp. 160-168, 2018, doi:
10.1016/j.compositesh.2018.07.005.

S. 1. Pirani, P. Krishnamachari, and R. Hashaikeh, “Optimum loading level of
nanoclay in PLA nanocomposites: Impact on the mechanical properties and glass
transition temperature,” Journal of Thermoplastic Composite Materials, vol. 27, no.
11, pp. 1461-1478, Feb. 2013, doi: 10.1177/0892705712473627.

E. Kontou, M. Niaounakis, and P. Georgiopoulos, “Comparative study of PLA
nanocomposites reinforced with clay and silica nanofillers and their mixtures,” J Appl
Polym Sci, wvol. 122, no. 3, pp. 1519-1529, Nov. 2011, doi:
https://doi.org/10.1002/app.34234.

Z. Weng, J. Wang, T. Senthil, and L. Wu, “Mechanical and thermal properties of
ABS/montmorillonite nanocomposites for fused deposition modeling 3D printing,”
Mater Des, vol. 102, pp. 276-283, 2016, doi:
https://doi.org/10.1016/j.matdes.2016.04.045.

M. Mann, “Graphite Based Semi-Conductive 3D Printing Filament,” Columbia
Undergraduate Science Journal, vol. 13, pp. 17-20, 2019.

A. Maurel, M. Courty, B. Fleutot, H. Tortajada, K. Prashantha, M. Armand, S.
Grugeon, S. Panier, and L. Dupont, “Highly Loaded Graphite—Polylactic
Acid Composite-Based Filaments for Lithium-lon Battery Three-Dimensional
Printing,” Chemistry of Materials, vol. 30, no. 21, pp. 7484-7493, Nov. 2018, doi:
10.1021/acs.chemmater.8b02062.

J. S. Stefano, L.R. Guterres e Silva, R.G. Rocha, L.C. Brazaca, E.M. Richter, R.A.
Abarza Mufioz, and B.C. Janegitz, “New conductive filament ready-to-use for 3D-
printing electrochemical (bio)sensors: Towards the detection of SARS-CoV-2,” Anal
Chim Acta, vol. 1191, p. 339372, 2022, doi:
https://doi.org/10.1016/j.aca.2021.339372.

M. Syaifuddin, H. Suryanto, and S. Suprayitno, “The Effect of Multi-Extrusion
Process of Polylactic Acid on Tensile Strength and Fracture Morphology of Filament
Product,” Journal of Mechanical Engineering Science and Technology, vol. 5, no. 1,
pp. 62—72, Jul. 2021, doi: 10.17977/um016v5i12021p062.

Suryanto et al. (Analysis of Structure and Functional Group of PLA/Nanographite Filament)



136 Journal of Mechanical Engineering Science and Technology ISSN 2580-0817
Vol. 7, No. 2, November 2023, pp. 129-136

[30] J. Maulana, H. Suryanto, and A. Aminnudin, “Effect of Graphene Addition on
Bacterial Cellulose-Based Nanocomposite,” Journal of Mechanical Engineering
Science and Technology, vol. 6, no. 2, pp. 107-118, Nov. 2022, doi:
10.17977/um016v6i22022p107.

[31] R. Checchetto, D. Rigotti, A. Pegoretti, and A. Miotello, “Chloroform desorption
from poly(lactic acid) nanocomposites: A thermal desorption spectroscopy study,”
Pure and Applied Chemistry, vol. 92, no. 3, pp. 391-398, 2020, doi: 10.1515/pac-
2018-1216.

[32] Z. Yang, H. Peng, W. Wang, and T. Liu, “Crystallization behavior of poly(e-
caprolactone)/layered double hydroxide nanocomposites,” J Appl Polym Sci, vol. 116,
no. 5, pp. 2658-2667, 2010, doi: 10.1002/app.

[33] W. Liu, J. Zhou, Y. Ma, J. Wang, and J. Xu, “Fabrication of PLA Filaments and its
Printable Performance,” IOP Conf Ser Mater Sci Eng, vol. 275, no. 1, 2018, doi:
10.1088/1757-899X/275/1/012033.

[34] C. Sanchez-rodriguez, M. D. Avilés, R. Pamies, F. J. Carrion-vilches, J. Sanes, and
M. D. Bermudez, “Extruded pla nanocomposites modified by graphene oxide and
ionic liquid,” Polymers (Basel), vol. 13, no. 4, pp. 1-15, 2021, doi:
10.3390/polym13040655.

[35] S. N. K. Mohamad, I. Ramli, L.C. Abdullah, N.H. Mohamed, Md.S. Islam, N.A.
Ibrahim, and N.S. Ishak, “Evaluation on structural properties and performances of
graphene oxide incorporated into chitosan/poly-lactic acid composites: Cs/PLA
versus Cs/PLA-GO,” Polymers (Basel), vol. 13, no. 11, 2021, doi:
10.3390/polym131118309.

Suryanto et al. (Analysis of Structure and Functional Group of PLA/Nanographite Filament)



