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ABSTRACT

In this thesis, nanocrystalline hydroxyapatite (HA) powder was synthesized
from natural bovine bone by a vibro-milling method. Nanoneedle-like shapes of HA
powder with diameter less than 100 nm were revealed from the samples using vibro-
milling time of 2, 4 and 8 h. Ca/P molar ratio in the powder was 1.66 which is close to
the theoretical value that found in the pure HA. The effect of heat treatment
temperatures on phase stability and microstructure of the HA nanopowder were
studied using X-ray diffraction and scanning electron microscopy. The decomposition
of HA to B-tricalcium phosphate was occurred at 1150°C to 1250°C and future
decomposition to a- tricalcium phosphate at 1300°C. However, TG-curve shows
obvious weight loss about 0.4 and 1.2% was detected at 1150°C and 1200°C,
respectively. SEM shows the powder was remained in nanoscales after heat treatment

up to 1200°C.



To confirm that vibro-milling method is a beneficial process to produce the
nanopowders of low cost and high mass productivity. The rice husk ash was chosen
for synthesis SiO, nanopowder by using vibro-milling method. The silica nanopowder
with 95% purity was obtained after heat-treatment of the powders of 4 h vibro-milling
time. The result indicated that the present method is the beneficial process to produce
the nanopowders of high quality, low cost and high mass productivity.

The rate-controlled sintering method combining with HA nanopowder was
used successfully to form dense HA nanoceramic with enhanced physical and
mechanical properties. In comparison, both conventional and the rate-controlled
sintering methods were employed for producing the HA ceramic at various sintering
conditions. By using this rate-controlled sintering technique, the maximum values of
bending strength of 88.6+3.0 MPa were achieved for the sample sintered at 1200°C.
These values are closely similar to that of compact human bone and more superior
than that found in HA sample using conventional sintering route. This rate-controlled
sintering technique was firstly proved to be useful in producing the highly dense HA
ceramic for bone graft applications.

To fabrication some of bone implants, the nanocrystalline HA is designed as a
button to reattach the bone flap after a craniotomy procedure. Each device is
comprised of an inner plate and an outer plate. The circular green HA disks were
perforated at the center as to form the button shape and then pressureless sintering at
1200°C for 3 h by rate-controlled sintering. The devices have fracture toughness (K;c)
values of 1.8+0.1 MPa.m"?. Their bulk density was 95.2% (3.01£0.01g/cm’) of the

theoretical density of HA (3.16 g/cm’). The nanorods pull out and liquid phase



vi

sintering of this sample contributed to the high fracture toughness that can be use as
craniotomy flap fixation.

Nanoporous HA ceramic were fabricated using polyvinyl alcohol (PVA) as
pore former and vibro-milling method for making nanocomposite powder. The
mixing powder was pressed in stainless steel mold in uniaxial compression. The
product was then sintered at 1200°C for 3 h with heating rate of 4°C/min. The average
porosity of final products is 64.6+1.4% and the main morphology are existence of
open and interconnected pores with average pore size less than 100 nm. The bending
strength of 14.7+3.2 MPa was obtained offering high potential for bone repair. It is
also believed that the received nanopores in the prepared ceramic may enhance the

efficiency of the controlled drug delivery devices.
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