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WASANA NONKRATHOK : SMART ORTHOPEDIC SPLINT FROM POLY(LACTIC
ACID)-BASED COMPOSITES. THESIS ADVISOR : ASST. PROF. NITINAT SUPPAKARN,
Ph.D., 118 PP.

Keyword : SHAPE MEMORY POLYMER/ POLY(LACTIC ACID)/ COMPATIBILIZER/
POLY(ETHYLENE GLYCOL)/ COMPOSITE

This study aims to improve shape memory behavior and mechanical properties
of poly (lactic acid) (PLA) - based shape memory polymer (SMP) and to evaluate its
potential use in smart orthopedic splint application. Utilization of PLA as SMP is limited
due to its brittleness and relative high glass transition temperature (T,). To overcome
these limitations, poly (ethylene glycol) (PEG) at various content (5, 10, 15, and 20
wit%) was blended with PLA. Results showed that the addition of 10 wt% PEG to PLA
enhanced tensile characteristics of 10PEG/PLA blend by altering PLA's brittleness into
a tough behavior and reduced PLA's T,

However, the incompatibility between PEG and PLA blends diminished the
shape memory characteristics of 10PEG/PLA blends. To enhance shape memory
abilities of the blends, 0.45% maleic anhydride-grafted poly (lactic acid) (PLA-g-MA)
was prepared by reactive blending using a twin screw extruder and used as a
compatibilizer. Thermal and mechanical properties, morphologies, microstructures,
and shape memory properties of the 10PEG/PLA blends containing 2, 6, and 10 wt%
of PLA-g-MA were investigated. The results revealed that the compatibilized 10PEG/PLA
blend containing 2 wt% PLA-g-MA (2PMA/10PEG/PLA) had superior tensile modulus,
strength, and elongation at break to the uncompatibilized blend. Furthermore, it
possessed a lower glass transition temperature and degree of crystallinity. The
2PMA/10PEG/PLA blend also achieved outstanding shape fixity and recovery
performance. Its shape fixity ratio was equivalent to that of PLA while it can recover
to the initial shape at a lower temperature.

In addition, montmorillonite clay (MMT) treated with cetyltrimethylammonium
bromide (CTAB), called OMMT, was added to the 2PMA/10PEG/PLA blend, with the

purpose of providing an alternative approach for enhancing its shape memory



v

properties, Effect of filler contents (1, 3, 5, and 7 phr) on mechanical, microstructure,
and shape memory properties of the OMMT/2PMA/10PEG/PLA composite was
examined. The results Indicated that the composite containing 1 phr OMMT had a
greater tensile stress in the plastic deformation zone than the 2PMA/10PEG/PLA blend,
while its elongation at break remained unchanged. Moreover, the composite containing
1 phr OMMT had a greater recovery ratio than the 2PMA/10PEG/PLA blend, as well as
superior repeatability of shape recoverabllity when programmed with 50% strain,

This thesis demonstrated the feasibility of optimizing the properties of shape-
memory PLA to meet the requirements of applications involving smart orthopedic
splints. The research of shape memory PLA, including PLA blends and composites,
overcame the limitations of PLA in the medical industry. The resulting PLA-based SMP
with a lowered T, close to physiological temperature and an improved ductility were
critically important that made the use of PLA-based SMP in orthopedic splints come
to realization. This study also provided a fundamental understanding of the
relationship between the structure, shape-memory properties, and application which

open-up the possibility for further development of a smart material for medical field.
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