CHARACTERISATION AND PROCESSING OF
PLA/PEG/CURCUMIN MICROFIBER DRAWN VIA
MELT SPINNING METHOD

BY

NUR ATIQAH BT MOHD AKHIR

A thesis submitted in fulfilment of the requirement for the
degree of Master of Science (Materials Engineering)

Kulliyyah of Engineering
International Islamic University Malaysia

JANUARY 2022


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

Poly (lactic acid) (PLA) has been recognized as an excellent candidate to be used as
bioplastic and biomaterial due to its biodegradability and biocompatibility with
excellent tensile strength. However, PLA has inherent brittleness and has low
percentage of elongation at break that may limit its suitability to be used for specific
geometrical shape such as fibers for biomedical application. The addition of plasticizer
to improve brittleness also results with decrease in strength. Hence, particulates are
often added as reinforcement filler. The main objective of this research is to characterize
the properties of various PLA/PEG and PLA/PEG/cur blends and investigate the
resultant properties of the melt spun microfiber. This research has two main stages. The
first stage involved in investigating the effect of polyethylene glycol (PEG) additions
into PLA with increments of 5 wt. % up to 30 wt. % to improve the brittleness of PLA.
These compositions were then prepared via two blending methods i.e. solvent cast and
melt blend. These PLA/PEG blends were structurally and thermally characterized using
Fourier-transform infrared spectroscopy (FTIR), differential scanning calorimeter
(DSC) and thermogravimetric analysis (TGA). Results from the studies showed that as
the incorporation of PEG (wt. %) into PLA increases, the IR spectra for O-H band
stretching became broader and sharper proposing that hydrogen bonding interaction
between the network chains of PEG and PLA. DSC thermograms showed that the
incorporations of PEG (wt.%) into PLA blends led to significant decrease in the glass
transition temperature (Tg) and the crystallization temperature (T¢). TGA thermograms
indicated that the initial degradation temperature for all the PLA/PEG composition
shifted systematically to lower temperature with further additions of PEG (wt.%). All
PLA/PEG blends were then successfully drawn via an in-house built fiber drawing
tower with diameter ranging from 15um to 112um. These fibers were further
characterized using optical microscope (OM) and scanning electron microscopy (SEM).
The images obtained showed that the surface of the PLA/PEG microfibers were bead-
free and had uniformly circular cross-sections. The surface of the fiber transitioned from
smooth to slightly rough with increasing PEG content (wt.%) regardless of the blending
method postulated due to thermally induced phase separation of PLA and PEG. It was
noted that PLA/PEG microfiber prepared via melt blending were more brittle and
fractured easily. Thus, only fibers obtained from solvent cast PLA/PEG blends were
further tested for single fiber tensile test (SFTT). The SFTT results revealed that adding
PEG up to 25 wt.% resulted with microfibers having fair strength, modulus, and
elongation properties, thus was selected to be added with curcumin particulates. In the
second stage of the study, PLA/PEG/cur blends were thermally and structurally
characterized using DSC, TGA, and FTIR. The incorporation of curcumin into the
PLA/PEG blends resulted with noticeable shift in peaks for O-H stretching vibration.
Thermal studies showed that the incorporation of curcumin (wt. %) into PLA/PEG
blends did not affect the T4 and the final degradation temperature. SFTT for
PLA/PEG/curcumin microfibers further curcumin loadings beyond 1wt.% had resulted
with decreasing strength, Young’s modulus and elongation (%) possibly due to
particulate agglomeration and inhomogeneous dispersion in the polymer matrix.
PLA/PEG/cur microfibers were successfully drawn using an in-house-built fiber
drawing tower with average diameters of 31um to 36um. The OM images showed bead-
free and, uniformly circular in cross section microfibers.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Polylactic acid (PLA) has outstanding properties such as biodegradability and
biocompatibility (Hossain et al., 2014) due to its aliphatic polyester structure that
represents an important family of biodegradable polymers (Baiardo et al., 2003). This
makes PLA promising biodegradable polymers for biomedical applications (Hossain et
al., 2014). PLA can be absorbed by the body and has been studied due to its potential
roles in drug delivery systems (Gupta & Kumar, 2007; Lou et al., 2008; Ramakrishna

etal., 2001).

Despite its many advantages, PLA also has several drawbacks. The brittle
nature of PLA restricts the material’s potential applications (K Sungsanit et al., 2012).
Other drawbacks of PLA include uncontrollable hydrolysis rate, poor hydrophilicity
and, crystallinity. This limitation of PLA leads to the idea to improve the low toughness
by incorporating PLA with a plasticizer. Plasticizers are widely used in the plastics
industry to improve the processability, flexibility, and ductility of glassy polymers like

PLA (Baiardo et al., 2003).

Polyethylene glycol (PEG) is one of the efficient plasticizers used for polymers
since it offers a broad range of molecular weights. PEG is reported to be nontoxic and
biodegradable (Li et al., 2018). The addition of polyethylene glycol (PEG) as a
plasticizing agent, into PLA, has also been reported to lead to overall increased
flexibility and ductility of the blend (Busolo et al., 2009) which increases its

processability into the finished product.



Curcuma longa (turmeric), has received considerable attention due to its
multiple biological and pharmaceutical activities (Jayaprakasha et al., 2005;
Priyadarsini, 2013).  Curcumin is located in the rhizomes of turmeric has
pharmacological effect such as anti-inflammation, anti-oxidant, anti-microbial and,
anti-cancer activities (Thong et al., 2014). Curcumin is non-toxic and has been classified
as safe by the National Cancer Institute (Leu & Maa, 2002). Schneider et al. (2015)
reported that investigation towards the therapeutic potential of curcumin
(diferuloylmethane) on wound healing has increased over past years. Bava et al. (2005)
study on curcumin revealed that curcumin can demonstrate good anti-cancer activity
and non-toxic effect on normal cells even with a high concentration of up to 50 pM.
Despite the excellent pharmacological properties, curcumin application as wound
healing is limited due to its hydrophobic property in nature (Perumal et al., 2017).
However, there is a novel approach to overcome this problem, Greiner & Wendorff
(2007) proposed the blending of curcumin with biodegradable polymer in the form of

fiber.

PLA can be processed into nanofiber and microfiber using the electro-spun
method (Chen et al., 2010; Busolo et al., 2009) and melt-spun method (Yuan et al.,
2001; Padee et al., 2013). The process of fabricating nano fibers from PLA/PEG blends
has been studied by Lee et al. (2013) and Javadian et al. (2012) using PLA/PEG electro-
spun method resulting in small-scale production. In comparison to the electro-spun
method, the melt-spun technique allows for the mass production of PLA/PEG

microfibers at a low production cost.

The material combination PLA/PEG has been studied and reported based on

their thermal (Wang et al., 2018), structural (Li et al., 2018) and tensile via solvent



casting (Septevani & Bhakri, 2017) and melt blend (Hashim et al., 2015). PLA/PEG
nanofibers has been produced via electrospinning (Nazari & Garmabi, 2018). However,
it was observed that studies that compares the resulting thermal properties and the
obtained melt spun fiber prepared using both solvent cast and melt spun method has not
been documented in literature. The effect of curcumin additions into PLA/PEG blends
has been characterized (thermal and tensile) and produced via electrospinning approach
resulting with PLA/PEG/cur nanofibers (Yakub et al., 2014). It is to the author’s
knowledge that studies on manufacturing of PLA/PEG/cur via melt spun approach and
the structural and tensile evaluation of the obtained microfiber has not been reported in

literature.

1.2 STATEMENT OF THE PROBLEM

Poly (lactic acid) (PLA) has been recognized as an excellent candidate to be developed
as the future bioplastic and biomaterial due to its biodegradability and biocompatibility
with excellent tensile strength. However, PLA has inherent brittleness and has low
percentage of elongation at break that may limit its suitability to be used for specific
geometrical shape such as fiber for biomedical application. Thus, to improve these
lacking properties of PLA, plasticizer such as PEG was added incrementally.
Hypothetically, the blending method used in polymer blend preparation may also affect
the quality of the resultant fiber.

Production of polymeric fiber via melt spinning has been a challenge as the
processing temperature is near the polymer’s melting temperature and affects the
stability of continuous fiber production. For instance, if the processing temperature is
too low (hence high viscosity), this will induce melt fracture, non-uniform flow and

hampers the processability into fiber. The melt spinning process offers simple, low cost



and mass production of fibers and is commonly used to produce polyamides, polyesters
and polyolefins fibers. In comparison, the production of PLA based microfibers using
this technique has not been systematically explored in prior literature studies. The
addition of particulate filler such as curcumin which function as reinforcement or to
impart certain properties is highly desirable. However, filler additions in the polymer
blend pose a challenge in the fiber production phase as it decreases the ease of
spinnability into continuous fiber due to particulate agglomeration and inhomogeneous

distribution.

1.3 RESEARCH OBJECTIVES

The main objective of this research is to characterise the properties of various PLA/PEG
and PLA/PEG/cur blends and investigate the resultant properties of the melt spun
microfiber. In order to achieve this key objective, there are some explicit objectives that

need to be addressed as follows:

1. To identify the effect of PEG additions on the thermal and structural properties
of PLA/PEG compositions blended using solvent cast and melt blend method.

2. To investigate the effect of PEG additions and blending method used on the
tensile properties of the resultant melt spun PLA/PEG fiber.

3. To identify the effect of curcumin additions on the thermal and structural
properties of the PLA/PEG/cur blends.

4. To investigate the effect of curcumin additions on the tensile properties of the

resultant melt spun PLA/PEG fiber





