v

Thesis Title Preparation of Bioactive Degradable Composites for

Use as Scaffolds in Bone Tissue Regeneration

Author Miss Pusita Kuchaiyaphum

Degree Master of Science (Chemistry)

Thesis Advisor Dr. Robert Molloy
ABSTRACT

This research project has been concerned with the preparation,
characterization and property testing of biodegradable polymer-ceramic composites
for potential use as scaffolds for bone tissue regeneration. The polymers chosen for
this study were poly(L-lactide) (PLL) and poly(e-caprolactone) (PCL) while the
ceramic was hydroxyapatite (HA). PLL and PCL were synthesized by the bulk ring-
opening polymerization of L-lactide and e-caprolactone using tin(II) octoate and
I-hexanol (SnOct,/CsH;30H) as the initiating system at 120 °C for 72 hours. Both
PLL and PCL were obtained in high yield (> 90%) with viscosity-average molecular

weights, M,, of 4.64 x 10" (dilute-solution viscometry) and 3.97 x 10* (GPC)

v
respectively. HA was synthesized via the reaction between diammonium hydrogen

orthophosphate, (NH4),HPO4, and calcium nitrate tetrahydrate, Ca(NOs),-4H,0,



yielding a product with a Ca/P atomic ratio of 1.60, close to the theoretical value of

1.67 calculated from the HA molecular formula of Ca;o(PO4)s(OH),.

HA-PLL and HA-PCL (1:1 w/w) composites were prepared by 3 different
methods of which the precipitation method was found to give the best results in terms
of the uniformity of the final product. The composites were each characterized by a
combination of analytical techniques including infrared spectroscopy (FT-IR),
differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), particle
size analysis, and scanning electron microscopy (SEM). The results showed that there
was a certain degree of HA-polymer interaction at the microscopic level such that the
products could be considered to be genuine composites rather than particulate
mixtures. From particle size analysis, the HA-PLL composite showed a wide bimodal
size distribution covering the range 0.8-300 um whereas the HA-PCL composite
showed a much narrower unimodal size distribution covering the range 0.2-57 pm.
Both composites could be conveniently transformed into putty-like materials by

adding an equal weight of 20% w/v aqueous citric acid solution and mixing by hand.

Finally, in vitro hydrolytic degradation experiments carried out on
compressed discs immersed in a phosphate buffer saline solution at 37 °C for a period
of 12 weeks showed that, after the fast initial weight loss of citric acid, polymer
degradation from the composite was very slow with HA-PLL > HA-PCL. The HA-
PLL discs appeared to degrade by surface erosion rather than bulk erosion leading to
microcrack formation and particle detachment. In contrast, the more hydrophobic

HA-PCL discs remained intact throughout the 12 weeks.
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