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Characterization of Biphasic Calcium Phosphate doped with Zirconia

S.M. Masudi®, M.S.M. Yussoff®, Z.A. Rajien", A.Hussein", D. Mohamad"
D School of Dental Sciences, Universiti Sains Malaysia, 16150 Kubang Kerian, Kelantan, Malaysia
2 Malaysian Nuclear Agency, Bangi 43000 Kajang, Selangor, Malaysia
-

Introduction: Calcium phosphate ceramics have gained wide-spread attention due to their compositional
and structural similarity to the mineralized constituent in hard tissues. Hydroxyapatite is the main mineral
constituent of natural bone, and thus synthetic calcium phosphate ceramics may create an excellent bond
with natural tissue and can even stimulate new bone growth. Biphasic Calcium Phosphate (BCP) is a
mixture of HA and B-TCP that has been used extensively for dental applications and bone grafts. BCP is
bioactive and bioresorbable materials that can be controlled by manipulating the HA to B-TCP ratio.
Another advantage of BCP is the strong direct bonding with host bone. However, due to their refatively low
strength and toughness, susceptibility to physiological attack and poor fatigue properties, the biomedical
uses of BCP are limited to non-load bearing applications. One of the most promising approaches to increase
the strength in ceramics is through transformation toughening based on the tetragonal-monoclinic
transformation of Zirconia (Zr). A ceramic with dispersed tetragonal Zr in the form of ZrO, can be used to
produce a biocomposite Zr and calcitm phosphate biomaterial for better strength, x-ray contrast and
opaqueness. To this aims, we carried out a chemical and structural analysis of Zr-doped BCP.

Objectives: To determine the characterization of BCP-Zr material by using Scanning Electron Microscopy
(SEM) and X-ray Diffraction (XRD) techniques.

Material and Methods: The method used for the synthesis of Zr-doped Ca(PQ,) involved a solid state
reaction method and blending of ZrO, with a Ca(PQO,) compound. Synthesized Zr-doped Ca(PO,) that
results from this method has several advantages, i.e. a strong bond between Zr and the Ca(PQ,) without
loss of Zr as well as a more homogenous Zr distribution. BCP with Zirconia was prepared using organic
diethyl hexyl phosphoric acid (DEHPA) as the source for phosphate.

An amount of 60 g calcium hydroxide [Ca(OH),] was diluted in 300ml distilled water and activated
using a magnetic stirrer at 70°C for 2 hours after which it was allowed to cool to room temperature. An
amount of 5g of zirconyl chloride octahydrate was diluted in 150ml 4M HCI, stirred and heated to 70°C
until zirconyl chloride octahydrate was fully dissolved. The solution was then mixed with 300ml di-(2-
ethyl-hexyl}-phosphate (DEHPA), stirred for 20 minutes and separated by using a separating funnel
glassware. Two layers were formed; the bottom layer (supernatant) was discarded while the upper layer, the
organophosphate solution, was used for the next step. The solution of organophosphate was added slowly
(drop by drop) using a separating funnel to the Ca(OH), solution, while stirred continuously for 2 hours
(until organophosphate selution was finished). The mixed solution was left overnight, thus allowing the
formation of a BCP-Zr precipitate. The preparation of BCP-Zr was continued with filtering using funnel
and filter paper on rubber stopper vacuum glass that connected with vacuum machine. The BCP-Zr
precipitate was collected from filter paper in the funnel and stored in the beaker glass covered with
aluminum foil for drying process. Drying process was performed in an oven universal at 72°C for 24 hours.
The BCP-Zr precipitate was then placed in the clay crucible for calcinations process. Calcinations were
performed in a furnace at 1000°C for 3 hours resulting in BCP doped Zirconia powder.

Scanning Electron Microscopy analysis has been performed on a CaPZr to characterize the elemental
distribution near the interface. SEM-EDX analysis was performed in a Leo Supra 50 VP Field Emission
SEM equipped with Oxford INCA 400 energy dispersive X-ray microanalysis system (Leo Supra S50VP,
Zeiss, Oberkochen, Germany). A powder X-ray diffraction (XRD) technique was used to characterize the
crystallinity and crystallographic phase structure of the BCP products.

Results and Discussion: Figure 1 shows SEM image indicates the phases present in initial calcium
phosphate sample are B-TCP and B-Ca,P;0,. Upon addition of Zr, the major phases are HA and -TCP
(BCP). This shows that some crystal structure changes occurred with the addition of Zr that resulted in
formation of BCP (Figure 2). Zirconia shows to be exists in monoclinic, tetragonal and cubic polymorphs.
At room temperature only single phase monoclinic is known to be stable but there are reports stating the
existence of metastable single phase tetragonal zirconia.
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