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 In this thesis, hydroxyapatite (HA) powder was produced from bovine bones in 

order to use as a filler for poly(lactic acid) (PLA) composites. Scanning electron 

microscope (SEM), X-ray diffractometer (XRD) and Fourier transform infrared 

spectrometer (FTIR) were used to characterize the obtained powder. SEM 

micrographs, XRD pattern, and FTIR spectrum of calcined bovine bone powder 

revealed that the obtained powder was in a form of crystalline carbonated HA, and 

highly agglomerated. So, the calcined bovine bone powder was called u-HA in this 

study. u-HA/PLA composites at various contents of HA where prepared by either 

melt-mixing or solution-mixing techniques. The u-HA/PLA composites prepared by 

melt-mixing exhibited the more homogeneous distribution of u-HA in PLA matrix as 

compared with the composites prepared by solution-mixing technique. In comparison, 

tensile modulus, tensile strength, and impact strength of the melt-mixed composites 

were higher than those of the solution-mixed composites. Moreover, decomposition 

temperatures of the melt-mixed composites were higher than those of the solution-

mixed composites. Nonetheless, average molecular weights of PLA in the solution 

mixed composites, as confirmed by GPC, were significantly higher than those in the 
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melt-mixed composites. The surface of HA powder was modified with either              

3-aminopropyltriethoxysilane (APES) or 3-methacryloxypropyltrimethoxysilane 

(MPTS). FTIR and EDXRF results confirmed the appearance of APES and MPTS on 

the HA surfaces. SEM micrographs of silane-treated HA/PLA composites revealed 

that modification of HA with APES or MPTS eased distribution of HA powder in 

PLA matrix and enhanced interfacial adhesion between both phases. Based on the 

results, the mechanical properties of silane-treated HA/PLA composites were better 

than those of untreated HA/PLA composites. Moreover, TGA and GPC results 

showed that the incorporation of silane-treated HA into the PLA matrix significantly 

increased thermal stability of the composite and decreased the thermal degradation of 

PLA chains. Additionally, in vitro degradation behaviors of untreated HA/PLA and 

silane-treated HA/PLA composites were also analyzed. The results showed that the 

stronger interfacial bonding between silane-treated HA and PLA matrix significantly 

delayed the in vitro degradation rate of the PLA, after immersing in PBS. Moreover, 

the results of bioactive study showed that the incorporation of u-HA into the PLA 

matrix significantly induced the formation of calcium phosphate compounds on the 

composite surface as evaluated by means of SEM, EDX, FTIR and XRD. In addition, 

in vitro cytotoxicity tests indicated that the extracts from all HA/PLA composites had 

no toxicity to human osteoblast cell. 

 

  

 
 
  
 




