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INTRODUCTION                                  
 Hydroxyapatite (HA) is widely used for bone reparation, 
being totally biocompatible with the human body, non-toxic 
and osteoconductive [1,2]. A number of studies have 
reported the development of HA granulates by various 
techniques with irregular or spherical geometry [7]. In 
particular, porous spherical HA granules of 200–1000 mm 
diameter have been produced by the dispersion of 
well-mixed HA/chitosan slurry in a dispersion medium, the 
latter being a mixture of heavy and light liquid paraffins [3]. 
Now, two types of bone substitute are commercially 
available; the solid-granule and porous-block forms of 
calcium phosphate ceramics such as HA and TCP. The 
solid-granule type of   bone substitutes can be made the wide 
range of size, from �m to mm, but each granule does not 
have pores for tissue in-growth or anchoring. The porous 
block type of bone substitutes has pores with various sizes, 
but cannot be made the wide range of granule size. In this 
study, porous granules have the wide range of granule size, 
which were prepared using a freezing and drying method. 
The use of the freezing and drying method are common in 
polymeric biomaterials for the application of bone or soft 
connective tissue implants, scaffold, prosthesis for nerve 
regenerations, but not in ceramic biomaterials[4]. The aim of 
this study was to investigate the general relation between 
pore structure of granules and processing variables of 
freezing and -drying of well mixed HA powder with certain 
binder.  

MATERIALS AND METHODS
The slurry was prepared by the mixing of water (W), 

binder (B) and nano sized HA powder (P). The concentration 
of nano sized HA powder in the slurry was 25, 33, and 
50wt%, and the content of a binder was 3 wt% of the HA 
powder weight. The prepared slurry was frozen drop by drop 
in the liquid nitrogen. And then the bottle with frozen 
granule was connected to a freeze dryer for about 15 hours 
under reduced atmospheres. The dried HA granule was 
sintered at 1200°C. 

RESULTS AND DISCCUSSION
 Figure 1 showed the surface morphology with uniform 
pore structure of the dried body before firing. Using a rotary 
freezing method and adding a binder minimized the 
anisotropic characteristic of the crystal growth direction of 
an ice. Figure 2 showed the surface of the body sintered at 
1200°C. The sintered body showed relatively high 
mechanical strength by necking between primary powders in 
Figure 2a. And Figure 2b represents the open pore structure 
with very high porosity.  
 With increasing the water and binder contents, the pore 
size was more uniform and increased. From this observation, 

the porosity and pore size of freeze-dried material were 
possible by the control the content of water and binder. With 
increasing the sintering temperature, the mechanical strength 
of freeze-dried sintered body enhanced, but partially 
collapsed of the pore structure above 1200°C, which 
produced the non-uniform microstructure and caused the 
disappearing of the micro-pore and reduction of the 
macro-pore size and porosity. The porosity of each group 
granule is 54.9 %, 64.1% and 65.7% respectively.  

Fig. 1 Surface morphology of freeze-dried body before firing  
  (P : W = 1 : 1 wt%) ; (a) 60X  (b) 100X 

Fig. 2 Surface morphology of freeze-dried body sintered at 
1200°C.  (a) P : W = 1 : 1 (b) P : W = 1 : 2 (c) P : W = 1 : 3 (all 
10000X ) 

Conclusion: It was concluded that porosity, granule size, 
and pore size can be controlled using the liquid nitrogen 
freeze drying method.   
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