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ABSTRACT

Since their inherent properties, polymers and polymer-based materials have become superior end-use materials as material
technology has advanced. When exposed to microorganisms, aerobic and anaerobic processes, biodegradable polymers'
chemical and physical properties deteriorate and total breakdown. These natural degradable polymers can be obtained from
renewable sources and improved through blending and composite forming techniques, yielding new blends with high
efficiency, strength, and processability properties. A discovery in biodegradable polymers is their extraordinary ability to be
stimulated by temperature, known as a thermal sensitive shape memory polymer (SMP). As a result, the development of
biodegradable polymers such as poly(lactic) acid (PLA) and poly(1,8-octanediol-glycerol-1,12-dodecanedioate) (POGDA)
blends and composites with other reinforcing fillers will be reviewed in this article.
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INTRODUCTION

Shape memory polymers (SMPs) and their composites are emerging smart materials with applications ranging from biomedical
[1] to construction engineering [2]to aerospace[3]. In the current scenario, polymers are gaining popularity due to their
reversible or irreversible nature, which can change properties in response to external stimuli such as pH, light, temperature and
magnetic field or electric[4]. Because external stimuli can tune and manipulate their properties in a controllable manner, they
are well suited for designing smart materials that can be used in various applications. SMP have a permanent shape at room
temperature, deform at a high transition temperature (Ttrans), and retain the deformed shape after cooling, reheating causes
them to revert from the deformed shape to the permanent shape. The shape memory effect has been discovered in various
polymers, including amorphous polymers[5, 6]. Thermally sensitive SMPs typically have a physical crosslinking structure,
crystalline/amorphous hard phase, or chemical cross-linking structure. As a switch, a low temperature transition or crystalline,
amorphous or liquid-crystal phase. Internal stress is generally zero or very low in permanent shapes. If the SMP is deformed,
large amounts of internal stress can be stores in the cross-linking structure by cooling the polymer below to its switch transition
temperature. The SMP recovers its permanent shape by heating the polymer above the switch transition temperature, releasing
internal stress stored in the cross-linking structure. SMPs while superior in some ways to shape memory alloys (SMAs) [7],
have significant shortcoming in terms of mechanical strength and shape recovery stress. Using high modulus inorganic and
organic fillers is one of the most immediate ways to reinforce pristine SMPs[8]. The primary goal of this review is to go over
the blends of shape memory blends-based polyester and blends composites that can be used as biomaterials in biomedical
applications.

BIODEGRADABLE SHAPE MEMORY POLYESTER BLENDS

Many new polymerization strategies, such as thermal polycondensation have been investigated to develop biodegradable
polymers for various biomedical applications. In terms of feasibility, a catalyst -free polycondensation technique for preparing
polyol-based biodegradable polyesters is appealing [9, 10]. However, blending conditions and processes strongly influence
the physical properties of polymer blends, which affect the level of mixing of the blends. The excellent biodegradability and
biocompatibility in biodegradable polyester have recently gained much attention. Poly- lactones such as polylactic acid (PLA),
poly-glycolic acid (PGA), and their co-polymers are rapidly becoming the most widely used polymers for biomedical devices
fixation [11]. Lee et al. (2016) has synthesized Poly(1,8-Octanediol-Glycerol-1,12-Dodecanedioate) (POGDA) as a new
thermoresponsive biodegradable polyester[12]. PLA and POGDA are degradable polyester-based polymers with a wide range
of properties that can be achieved by modifying monomers and synthesized conditions.
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Fig. 1: Classification of biodegradable polymers [12]
MECHANISM OF STIMULI-RESPONSIVE POLYMERIC MATERIALS

On a microscopic level, the intermolecular structure of SMPs can be divided into two major components: net point (hard
segment) and switching (soft segment). Generally, both parts are required for the shape memory effect (SME) to be achieved
in SMPs. The net point, which is connected by chain segments, provides entropic elastic and determines the permanent shape
of an SMP. Aside from that, net points serve as network conjunctions, helping to stabilize the network throughout the
thermomechanical process [13]. While switching segment, on the other hand is in charge of maintaining the temporary shape
due to its ability to reversible change phase upon stimulation, where the network chain is flexible at temperature above the
transition temperature (Ttrans) but rigid at temperatures below Ttrans. Conventional SMPs are typically made up of polymer
chains that move in different direction across Ttrans. The amorphous phase transition behavior give rise to the most primitive
one-way SMPs [14]. The amorphous phase occupies a specific polymer region, determining the glass transition (Tg) region.
When the temperature reaches Tg, the polymer becomes more pliable and deformable than at room temperature. At this point,
the polymer transitions from a glassy to a rubbery state. Under external stress, the molecular chain becomes flexible enough
to be stretched, coiled, or bent, resulting in polymer deformation. Depending on the molecular chain structure, the Tg range
can be board or narrow [13, 15, 16].
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Fig. 2: Mechanism and classification of shape memory polymers with example of thermally responsive shape memory
effects

BIODEGRADABLE POLYESTER BASED COMPOSITE

Composites are traditionally formed by combining two or more individual components with distinct properties to create a
functional material. PLA can make composite materials as reinforcement and a matrix. Adding different fillers to the PLA
matrix can improve its inherent properties, ensuring the commercial viability of PLA-based biomedical and packaging products
[17].
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TABLE 1: Polymer physical properties (L-lactic acid)

Authors Physical property Values for L-lactic acid
Glass transition temperature 55-65°C
Melting temperature 170-200°C
Casalini et al., [18] Melt crystallization temperature 90 and 120°C
Viscosity 1.24-1.30 g/cm®
Elastic modulus 2.7-4.1 GPa
Tensile strength 15.5-150 MPa

CONCLUSIONS

Future opportunities will arise for biodegradable products to replace (or even replace) nonbiodegradable equipment.
Compostable polymer composites could replace most existing materials in the future, which is crucial for human sustainability.
Therefore, analyzing nanofillers to improve biodegradable, lightweight structures is a challenge.
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