IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS You may also like

. . H . - Enhance: otovoltaic performance o
Synthesis and characterization of PLA-Chitosan- —"—"—?V*;rtgd p"ou_“lm;egls%arceu;mrgughfazﬁogic
. . . . ayer deposite 2 aQE\SSIV:’:I'[IOT'IO no-
ZnO composite for packaging biofilms nanopartcle bufer laver

Bin Wei, Zhenyu Tang, Shuanglong Wang
etal
To cite this article: T Rihayat et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 788 012045 - Scalable fabrication of organic solar cells
based on non-fullerene acceptors
Anders S Gertsen, Marcial Fernandez
Castro, Roar R Sgndergaard et al.

Vi h icl line f d d enh - Structural and optical studies of pure and

lew the article online for updates and enhancements. Ni-doped ZnO nanoparticles synthesized
by simple solution combustion method
Murugesan Silambarasan, Shanmugam
Saravanan, Naoki Ohtani et al.

@The Electrochemical Society
) Advancing solid state & electroch ience & technology
243rd ECS Meeting with SOFC-XVIII

More than 50 symposia are available!

Present your research and accelerate science

Boston, MA « May 28 — June 2, 2023

Learn more and submit!

This content was downloaded from IP address 103.53.32.15 on 26/10/2022 at 08:35


https://doi.org/10.1088/1757-899X/788/1/012045
/article/10.1088/1361-6528/aad131
/article/10.1088/1361-6528/aad131
/article/10.1088/1361-6528/aad131
/article/10.1088/1361-6528/aad131
/article/10.1088/1361-6528/aad131
/article/10.1088/1361-6528/aad131
/article/10.1088/1361-6528/aad131
/article/10.1088/2058-8585/ab5f57
/article/10.1088/2058-8585/ab5f57
/article/10.7567/JJAP.53.05FB16
/article/10.7567/JJAP.53.05FB16
/article/10.7567/JJAP.53.05FB16
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssgCHnM7G7at4HoDQRVGDbrGaZitgG41Sf1fbiT_Xled6BcwMXVXY3x1fa2CeqnIG0mMsWqFuQTtx4x_boQ3cS-bBbqGmmdPjhibR2XGUdwdRJNznWSPlwUULHsZxTTToQ-kbse-AB_yBbjCd3AJ-U2uWHLF9fCeWFUEPf0Q5mMWlFN1j_M-CHEOUhmwVspAYavImTA_AqKWjkhIms-hAEuclS4LNpK2OUvidp4KbJd1QaeG2rdD6EmUjCize_5gr8GlxKwZh2WqYObrxLvMQq1dkDFiC06NKmfU8Nr3HG6Hg&sai=AMfl-YTxCPp6diWEc8fce0NMnfPQvuUMJwCn4EoZp8Na0ZzGfkrH5ajJs0i2vKEYMqh3QdOrsJYPMagtCF488GrGEg&sig=Cg0ArKJSzH6Z9oiVoGA9&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243Abstract

ICMER 2019 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 788 (2020) 012045 doi:10.1088/1757-899X/788/1/012045

Synthesis and characterization of PLA-Chitosan-ZnO
composite for packaging biofilms

T Rihayatl’*, Suryanil, CN Fitriyanil, Nurhanifa!, J P Siregarz, J Jaafar’, T
Cionita® and Fitria*

' Departement of Chemical Engineering, Politeknik Negeri Lhokseumawe, 24301,
Aceh Indonesia

% Faculty of Mechanical Engineering, Universiti Malaysia Pahang, 26600 Pekan,
Malaysia

3 Department of Mechanical Engineering, Faculty of Engineering and Quantity
Surveying, INTI International University, 71800 Nilai, Negeri Sembilan, Malaysia
* Departement of Dermato Venereology, Medical Faculty, Syiah Kuala University,
23111, Aceh

*Corresponding author: teukurihayat@yahoo.com

Abstract. This research was conducted to improve the characteristics of PLA-Chitosan-ZnO
composites. Composites are synthesized from the matrix of Poly lactic acid by modifying
Chitosan and Zinc oxide (ZnO) fillers. The purpose of this study was to look at the mechanical,
thermal and morphological characteristics seen from the composite. Basically, the bond
between PLA and CS is very weak, so to increase the strength of the bond by entering ZnO;
thus advancing overall quality (mechanical, thermal and water absorption) of composites (PLA
/ CS / ZnO). The mechanical properties of composites are enhanced by the addition of ZnO NP
into the PLA / CS matrix. However, the tensile strength, modulus, and breakout extension
increased to 2wt% of ZnO NP loading but decreased when ZnO NP content increased by
3wt%. This is consistent with the dispersion of homogeneous ZnO particles in the PLA matrix.
Combining ZnO particles increases PLA thermal stability. Thus, ZnO has been shown to have
potential as an amplifier in biocomposite synthesis with better integrity, although other
approaches, such as the use of compatibilizers in ZnO surface modification, will be needed to
improve PLA properties simultaneously. The results obtained in this work can be used on
environmentally friendly films.
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1. Introduction

Over the years, there has been increasing interest in biosourced renewable energy components to
replace petrochemical products [1]. In general, synthetic polymers produced from petrochemical
products have low tariff recovery / reproduction and are not easily degraded in the environment. Rapid
growth of plastic waste encourages efforts towards biodegradable / biocompatible polymers that can
be used as renewable resources for polymer manufacturing and reducing volume synthetic polymer
waste.
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BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



ICMER 2019 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 788 (2020) 012045 doi:10.1088/1757-899X/788/1/012045

The popular and important biodegradable polymers are aliphatic polyester [2-3], such as poly
(lactic acid) (PLA), poly (glycolate acid) (PGA), poly (e-caprolactone) (PCL) and poly (3
hydroxybutyrate) (PHB) Among polymers, poly lactic acid (PLA) has attracted attention because of its
renewable resources, good biocompatibility and good mechanical properties that make it popular in
medical implants, in food packaging and industrial biomaterials [4-5]. PLA produced from renewable
resources is linear aliphatic thermoplastic polyester and easily decomposes naturally through
hydrolytic and enzymatic pathways [6-7]. Figure 1 shows the chemistry structure of PLA.
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Figure 1. Chemistry structure of PLA.

PLA can also be synthesized by polymerization condensation from lactic acid monomers or by
opening polymerization of lactide monomer rings, and monomers are obtained from fermented corn,
potatoes, sugar beats, and sugarcane [8-10]. Figure 2 depicts the PLA synthesis method.
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Figure 2. PLA synthesis method.

However, the PLA has several limitations for food packaging applications due to low gas and
moisture vapor barrier properties, weak thermal stability, high rigidity, and low toughness and
ductility [11]. To overcome these shortcomings, PLA has been mixed with these fillers as nano-clay,
nano-cellulose, and nano-metal to improve the properties of films with additional functional properties
[12].

PLA is also an attractive choice to improve the stability of chitosan due to its hydrophilic nature.
Chitosan (CS) is renewable, natural, non-toxic, edible and biodegradable. From the hydrophilic nature
of chitosan, especially pH sensitivity, the stability of chitosan materials is generally lower [13]. To
overcome the lack of composites from the PLA-chitosan, metal oxides such as zinc oxide can be
incorporated into the composite. Zinc oxide (ZnO) which is often encountered is environmentally
friendly and multifunctional inorganic additives which can be considered as fillers for various
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polymers providing properties such as antibacterial or intensive ultraviolet absorption [14]. This
research was conducted to see from the incorporation of ZnO and chitosan on composites from the
PLA matrix to improve morphological, mechanical, and thermal properties in environmentally
friendly food packaging films.

Film is a thin layer produced from a material that is combined. Films can be applied to various
applications, including those for food packaging films which are usually for meat, bread, fruit and
vegetable wrappers.

2. Method

This research uses several chemicals including: poly lactic acid (PLA) (Nature Work TM PLA 3001
D) in the form of pellets obtained from Nature Work LLC, Minnetonka, MN USA. This has a specific
gravity of 1.24 g / cm3 and the index of melting point is 15 g / 10 minutes (190 °C / 2.16 kg).
Commercial chitosan (Cs) (practical grade 75% DD) from Sigma Aldrich which is used as a filler
reinforcement. Zinc oxide (ZnO) from Sigma Aldrich. The solvents used in this study were chloroform
obtained from R & M Chemistry. Deionized water for all processes and figure 3 shows the film
formation.

: SR
Figure 3. Film.

2.1. Synthesis method of composite Chitosan-ZnO PLA

In preparation for the synthesis of PLA-Chitosan-ZnO composites, 10% wt of PLA pellets were added
to chloroform each with (1.3 and 6%) Chitosan and (1,2 and 3%) ZnO. Then heated at a temperature
of 80 oC until all the pellets are completely dissolved, then added glycerol as a plasticizer as much as
2 ml. After that, the solution is printed in the mold and dried at 40 °C for 24 hours. After that the film
formed is released from the mold. Composite was then tested for morphology, mechanical strength
and thermal stability. Figure shows the synthesis of Chitosan-ZnO PLA process.

Solution
Figure 4. Composite synthesis method of PLA-Chitosan-ZnO.
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2.2. Physicochemical characteristics

2.2.1. Fourier transform infrared spectroscopy (FTIR). Infrared spectroscopy from polyurethane
obtained by KBr pellets using Shimadzu FTIR spectrophotometer. Spectra obtained in the mid infrared
region (4000-400 cm-1) at room temperature.

2.2.2. Scanning electron microscope (SEM). An electron gun produces an electron beam and is
obtained by an anode. The magnetic lens focuses electrons towards the sample. The focused electron
beam scans the entire sample by being directed by the scanner coil. When electrons about the sample,
the sample will issue a new electron that will be received by the detector and sent to the monitor. SEM
analysis to observe the surface of the object directly.

2.2.3. Mechanical test. Tensile properties such as strength and break-up extension of film composites
were determined using Shimadzu Universal Testing Machine, according to specific ASTM D 638-02
type 4. This was carried out under tension mode at a single strain level of 0.8 mm / s at room
temperature and the results were taken as average of six tests.

2.2.4. Thermogravimetric (TGA) analysis. Thermal stability of the sample was determined by
thermogravimetric analysis, using Perkin Elmer thermogravimetric analysis at a heating rate of 10 ° C
/ min under a nitrogen atmosphere, from 50 °C to 700 °C. Approximately 2 mg of each sample was
analyzed and consequently the sample weight was determined.

3. Result and discussion

3.1. Fourier transform infrared spectroscopy (FTIR)

FTIR is used to see intermolecular interactions and phases in polymers. In this study, interactions
between PLA, CS and ZnO were seen by FTIR spectroscopy and displayed in figure. 5 shows a
composite mixture of FTIR PLA / CS / ZnO NP with a mixture of chitosan and ZnO. FTIR spectra of
biocomposite PLA-Chitosan-ZnO films are presented in figure 5. The following transmittance bands:
1454, 1384 and 1362 cm-1 were assigned to CH deformation, including symmetrical and
asymmetrical bending, 1267, 1182, 1129, 1090 and 1045 cm-1 associated with CO stretching and 871
cm-1 assigned to stretch CC , observed. The band transmittance of about 1750 cm - 1 corresponds to
the carbonyl carbon of the PLA ester group. The ribbons around 2944 and 2995 c¢m - 1 are assigned to
stretch CH. This type of absorption band has also been reported in the literature [20]. FTIR spectrum
from PLA / CS / 2 wt% ZnO NP. Characteristic absorption bands at 3506.52 ¢cm - 1, 2979.77 cm - 1
and 1748.82 cm - 1 caused by OH bending and stretching, CH asymmetric stretching and C = O
stretching vibrations shifting towards lower wave numbers on the merger of ZnO NP. This shows
several levels of interaction and formation of PLA / CS / ZnO NP composites. It is also noted that the
band intensity at 2979.77 cm-1 and 1748.82 cm-1 increases with respect to the PLA / CS composite
spectrum. It implies that some strong interactions between components and dispersions are good at
changing the polymer chain arrangement, which then returns in peak intensity.

3.2. Space considerations

Variations in tensile strength and breaking extension of PLA / CS / ZnO composites are functions of
optimal dispersion and good inter-component interactions between PLA, CS and ZnO NP. It is
reported that uniform dispersion of highly compatible fillers will cause good interactions with the
polymer matrix, which then causes an increase in mechanical integrity and thermal stability of the
composite [15]. Both tensile strength and tensile modulus of PLA / CS composites showed
improvements as ZnO NP incorporated into composites up to a certain ZnO NP Also, the breakdown
extension of the composite showed a stable increase of up to 3wt% ZnO NP loading of PLA / CS /
ZnO NP composites. Figure 6 illustrates the mechanical properties of samples.
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Figure 5. FTIR spectroscopy from biocomposite PLA-Chitosan-ZnO films
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3.3. Thermogravimetric (TGA) analysis

The molecular interactions between macromolecules are different and also some characteristics of
components that adhere to the main controlling parameters of thermal stability of polymeric materials.
Chains. The division or dissociation of macromolecular bonds takes place when the heat energy
provided exceeds the dissociation energy bonds of each chemical bond.
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Figure 7. In [In (wt / w 0)] vs. 1 / T plot of biocomposite PLA-Chitosan-ZnO film.
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The TGA (thermogram) of PLA and PLA / ZnO biocomposite films is graphically presented in
figure 7(a). In general it is believed that the introduction of inorganic components into organic
materials can improve their thermal stability. In the PLA-Chitosan-ZnO biocomposite film, the
increase in thermal stability can be attributed to ablative and reassembly of ZnO, which may appear on
the surface of biocomposite films, creating a physical protective barrier on the surface of the material
and on the other hand, volatilization may also be delayed by the labyrinth effect of ZnO layers, in
biocomposite films. Analogous thermal behavior was also observed by Wu, et al. [16] From the TGA
data, it was clear that ZnO was able to increase the char residue of PLA / ZnO biocomposite films
from 0.3 to 19.3 percent. The activation energy for thermal degradation also revealed information
about the thermal degradation properties of composites.

3.4. Morphological analysis (SEM)

The surface morphology of the PLA-Chitosan-ZnO composite in the film layer was observed under
SEM. In PLA-Kitosan-ZnO samples at all concentrations it can be observed that some of the surfaces
are smooth. The most significant observation is that in the case of PLA-Chitosan-ZnO 2, star-like fish
structures were observed (see figure 8(f)), which also trapped the matrix in such a way as to increase
tensile strength and improve toughness. But with increasing loading of ZnO, poor dispersion in the
PLA matrix, with some presence interrupted from agglomerated ZnO, as confirmed in figure 4 (g and
h).

© () (® (h)
Figure 8. Sem images of zno, pla and pla / zno biocomposite films (a and b) are different
magnifications from ordinary rectangular zno; (c) smooth pla 0; (d) smooth zno spread on pla zno 1;
(e) zno good bond in pla zno 1; (f) starfish unique to the morphology of pla 2; (g) zno is agglomerated
on pla 2 and (h) zno is agglomerated on pla 3.

4. Conclusion

In this work, an analysis of the characteristics of PLA-Chitosan-ZnO composite films. The results
showed that ZnO had been successfully entered into the PLA / CS matrix as the FTIR spectrum
showed good attractiveness and interactions between PLA, CS and ZnO in the composite. This
improvement is ascribed to the superior relationship between composite components. Also,
composites can be seen from good tensile strength. However, the thermal stability of the composite
deteriorated with the addition of ZnO NP into PLA / CS composites. the extension of the break from
the composite shows a stable increase of up to 3wt% ZnO NP composite PLA / CS / ZnO loading.

5. Acknowledgement
The authors express their gratude and thanks to the Ministry of Research, Technology and Higher
Education for Financial Support through the “Penelitian Terapan — 2019”.



ICMER 2019 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 788 (2020) 012045 doi:10.1088/1757-899X/788/1/012045

References

[1] Rejab M R, Hamdan M H, Quanjin M, Siregar J P, Bachtiar D and Muchlis Y 2019 Historical
Development of Hybrid Materials

[2] Croisier F and Jérdome C 2013 Chitosan-based biomaterials for tissue engineering European
polymer journal 49 780-92

[3] Ikada Y and Tsuji H 2000 Biodegradable polyesters for medical and ecological applications
Macromolecular rapid communications 21 117-32

[4] Edlund U, Killrot M and Albertsson A-C 2005 Single-step covalent functionalization of
polylactide surfaces journal of the American Chemical Society 127 8865-71

[S] Auras R, Harte B and Selke S 2004 An overview of polylactides as packaging materials
Macromolecular bioscience 4 835-64

[6] Wang X, HuY, Song L, Xuan S, Xing W, Bai Z and Lu H 2010 Flame retardancy and thermal
degradation of intumescent flame retardant poly (lactic acid)/starch biocomposites Industrial
& Engineering Chemistry Research 50 713-20

[71 Zhang J, Lou J, Ilias S, Krishnamachari P and Yan J 2008 Thermal properties of poly (lactic
acid) fumed silica nanocomposites: experiments and molecular dynamics simulations Polymer
49 2381-6

[8] Iwata T and Doi Y 1999 Crystal structure and biodegradation of aliphatic polyester crystals
Macromolecular chemistry and physics 200 2429-42

[91] Kharas G, Sanchez-Riera F and Severson D 1994 Polymer of Lactic Acids: Plastics from
Microbes, edited by DP Mobley. Hanser Publishers, New York

[10] Hamad K, Kaseem M, Yang H, Deri F and Ko Y 2015 Properties and medical applications of
polylactic acid: A review Express Polymer Letters 9

[11] Shahrokhian S, Kamalzadeh Z and Hamzehloei A 2013 Electrochemical determination of
Clozapine on MWCNTs/New Coccine doped PPY modified GCE: An experimental design
approach Bioelectrochemistry 90 36-43

[12] Nishida M, Ichihara H, Watanabe H, Fukuda N and Ito H 2015 Improvement of dynamic tensile
properties of poly (lactic acid)/Poly (butylene adipate-co-terephthalate) polymer alloys using a
crosslinking agent and observation of fracture surfaces International Journal of Impact
Engineering 79 117-25

[13] Qualls W A and Xue R-D 2009 Field evaluation of three botanical repellents against Psorophora
ferox, Aedes atlanticus, and Aedes mitchellae Journal of the American Mosquito Control
Association 25 379-82

[14] Anzlovar A, Krzan A and Zagar E 2018 Degradation of PLA/ZnO and PHBV/ZnO composites
prepared by melt processing Arabian Journal of Chemistry 11 343-52

[15] Rinaudo M 2006 Chitin and chitosan: properties and applications Progress in polymer science
31 603-32

[16] LiY-Q, Fu S-Y and Mai Y-W 2006 Preparation and characterization of transparent ZnO/epoxy
nanocomposites with high-UV shielding efficiency Polymer 47 2127-32

[17] Das K, Ray D, Bandyopadhyay N, Sahoo S, Mohanty A K and Misra M 2011 Physico-
mechanical properties of the jute micro/nanofibril reinforced starch/polyvinyl alcohol
biocomposite films Composites Part B: Engineering 42 376-81

[18] Wu D, Wu L, Wu L and Zhang M 2006 Rheology and thermal stability of polylactide/clay
nanocomposites Polymer Degradation and Stability 91 3149-55

[19] Suryani.,, Agusnar, H., Wirjosentono, B., Rihayat, T., Salisah, Z. 2018. Synthesis and
characterization of poly (lactic acid)/chitosan nanocomposites based on renewable resources
as biobasedmaterial. IOP Conf. Series: Journal of Physics: Conf. Series. Vol. 953

[20] Suryani., Agusnar, H., Wirjosentono, B., Rihayat, T., Nurhanifa. 2017. Improving the quality of
biopolymer (poly lactic acid) with the addition of bentonite as filler. IOP Conf. Series:
Materials Science and Engineering. Vol. 222

[21] Rihayat, T., Suryani., Satriananda., Raudah., Fona, Z., Adriana., Fauzi, T., Zaimahwati.,



ICMER 2019 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 788 (2020) 012045 doi:10.1088/1757-899X/788/1/012045

Salmyah., Putra, A., Juanda., Fitriah, N., Helmi. 2018. Poly Lactic Acid
(PLA)/Chitosan/Bentonite Nanocomposites Based on Cassava Starch for Materials in
Biomedical Applications. AIP Conference Proceedings. Vol. 2049

[22] Ridwan., Wirjosentono, B., Tamrin., Siburian, R., Rihayat, T., Nurhanifa. 2018. Modification of
PLA/ Bentonite Nanocomposites as Biomedical Materials. AIP Conference Proceedings. Vol.
2049



