Gelcasting Processing of Natural Hydroxyapatite – Zirconia Bone Scaffolds
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INTRODUCTION

The search of bioceramics based on zirconia (ZrO2) Z, is dated from late 90´s. Since that time, composites of Z with Hydroxyapatite, (Ca10(PO4)6(OH)2) HA were tested. HA is similar in composition to mineral component of bone. The aim has been the combination of the excellent mechanical properties (toughness, wear resistance) of Z with the biocompatibility and osteo-conductive potential of HA1-4.  This combination has been probed in porous coatings on metal implants1, and bone scaffolds for easy Osseo-integration2.

The forming of Z based composites must take in mind the Z tetragonal to monoclinic phase transition above 1000 °C, which represents a dimensional change, responsible of cracking of sintered monolithic pieces. This problem can be solved by incorporating Y2O3 (yttria), MgO or CaO to Z, in order to make stable the high temperature tetragonal phase4. This stabilized zirconia has mostly formed by pressing and sintering at temperatures ranged from 1300 up to 1500 °C3,4. The above antecedents move this preliminary work in order to evaluate:

· The feasibility of gelcasting processing of porous bone scaffolds based on HA-ZrO2 composites, which can be sintered at 1350 °C, lower than Z. sintering temperature.

· The phase distribution and solid state transformations.

EXPERIMENTAL METHODS

The raw materials used were ZrO2 and calcimined bovine, HA, and analytical grade CaO (Sigma Aldrich, USA). Both powders were ball and Jet milled to sizes smaller than 5 (m.

The gelcasting was the chosen moulding process. Premixes of 8 mol % of CaO in ZrO2 powder mixtures were prepared (ZCa). These were used to formulate the HA-xZCa powder blends, where X is wt% of premixes ranging from 10 to 50 wt %. These blends were dispersed in water solutions containing 20 wt% of albumin, cast into moulds, where protein coagulation (at 90 °C-1 h).  15 samples of each composition were sintered at 1350 °C during 90 min. 

X-ray Diffraction, XRD (Philips 3020, Cu K( radiation) was used to determine the phase distribution. 

RESULTS AND DISCUSSION

The analyses of XRD patterns show the presence of following phases: monoclinic: m-ZrO2, and tetragonal zirconia: t-ZrO2, Hydroxyapatite, HA:, β-tricalcium phosphate, B: (-Ca3(PO4)2 , and calcium zirconate, ZA: CaZrO3 (Figure 1).
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	Figure 1. Amount of CaZrO3, t-ZrO2 and β-TCP phases.


The solid state reactions that occurred during sintering can be analyzed by measuring the 100 % peak intensities of each referred phases. The progress of the reactions can be evaluated by comparing the relative intensity of the main peaks, as follows:  IT/(IT+ IM), IB/(IB+ IHA) and IZA/(IZA+IHA). 

The first ratio is related to m-ZrO2 conversion in t-ZrO2:

m-ZrO2 ( t-ZrO2



(1)

The second ratio shows the HA reaction with zirconia by means of following reaction:

HA + ZrO2 ( 3 (-Ca3(PO4)2 + CaZrO3 + H2O


   (2)

Finally, the third intensity ratio is an estimation of amount of CaZrO3 formed through reaction (2) and the following:

CaO + t-ZrO2 ( CaZrO3







(3)
 

The relative amount of CaZrO3, t-ZrO2 and β-TCP phases for 8 % mol CaO series as function of X content is showed in Figure 1.  

 The general tendencies are the increase in m→t ZrO2 conversion, and the decrease of HA conversion into B and ZA phases, when X is increased. However, the formation rate of ZA phase was higher than B, due probably to the additional contribution of ZA, produced by the reaction 3. 

CONCLUSION

The protein gelcasting of HA-ZrO2 composites is feasible employing natural HA and CaO stabilized zirconia. The sintering conditions promotes the HA decomposition in (-TCP and calcium zirconate. The introduction of protein and CaO lead to composite foaming.
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