ULTRASONIC DEAGGLOMERATION AND PARTICLE SIZE REDUCTION OF HYDROXYAPATITE BY COATING WITH
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INTRODUCTION

The bone mineral, a calcium phosphate complex dominated by hydroxyapatite, is deposited on the organic matrix, 90% of which is collagen.!"! Plate- and rod-like particles are the chief
feature of the morphology of natural hydroxyapatite. In some parts of bone tissue, these structures are parallelly oriented and laterally connected. Such structure is maintained due to
polymeric, proteinous matrix within which it is enclosed.l? Rod-like particles of hydroxyapatite enclosed within the polymeric matrix are 8-15 nm thick, 20-40 nm wide and 200-400 nm long.
These dimensions are functionally related to the part of the skeleton, but they are always in nanometer scale.®l The main goal of bioengineering process is to develop biomaterials with
characteristics similar to natural ones.! Synthetic hydroxyapatite (HAp) is a biomaterial obtained in the biomimetic process. This bioceramic is meant to be chemically and morphologically
similar to the mineral component of mammals’ hard tissue.

Application of ultrasonic field in the process of synthesis and deagglomeration is a very effective method for obtaining nano-sized particles.[5],[6]

In this study, plate-like particles of hydroxyapatite, obtained by sonochemical homogeneous precipitation, were deagglomerated in a high-intensity ultrasonic field and a small volume of
inert medium. The so-formed HAp particles were coated with poly(d,|-lactide-co-glycolide) in order to obtain rod-like structures with nanometer dimensions.

RESULTS and DISCUSSION ‘

Identification of hydroxyapatite and PLGA/HAp composite was performed by XRD method (Figs. 1a and 1b, respectively). FESEM micrographs of the as-obtained HAp and HAp
additionally processed in the field of ultrasound for 10, 15 and 20 min (represented in Figs. 2a, 2b, 2c and 2d, respectively) show deagglomeration and reduction of the size of rod-like
particles induced by ultrasonic processing. The relationship between the duration of the ultrasonic processing and the particle size is summarized in Table 1. The as-obtained rod-like
particle (Fig. 2e) within plate-like structures, represented in Fig. 2a,®! are significantly larger in size than rod-like particles inside PLGA/HAp (Fig.2f), indicating that the formation of
formation of HAp nano-rods is the most effectively prevented by ultrasonic deagglomeration, after the particles are coated by polymer. The regular morphology of sphere-like particles of
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PLGA/HAp composite material is represented in Fig. 2g.
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and transmission electron microscopy (SEM and TEM).

is very important for biomedical applications of this material.
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2 Figure 2: SEM micrographs of hydroxyapatite- sonochemically synthesized (a)® and additionaly processed in the field of ultrasound during 10 min (b), 15 min (c) and 20 min (d). TEM images of HAp after sonochemical
| g synthesis (e)!® and within composite (f). FESEM micrograph of PLGA/HAp composite material (g).
g
<C Table 1: Dimensions and shape of HAp particles obtained according to SEM images in Figs. 1a-1d
o =]
'E Sample Particles shape Lengt (nm) Wight (nm)
@
= HAp (sonochemically synthesized) plate-like 1000-1500 100-800
HAp ( processed by ultrasound during 10 min) plate-like 400-600 200-400
HAp (processed by ultrasound during 15 min) Rod-like 350-550 50-100
HAp (processed by ultrasound during 20 min) Needle-like 150-300 ~50
Figure 1: XRD patterns of hydroxyapatite (a) and PLGA/HAp composite
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