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Abstract 

The effect of pseudowollastonite (Pw) additions on the in vitro bioactivity and compressive strength of composites based on calcium aluminate cement (CAC) was studied. Composites were prepared by mixing calcium aluminate clinker with pseudowollastonite (5 and 10 wt%) at a w/c ratio of 0.	4 (0.015M LiCl aqueous solution). In order to assess the in vitro bioactivity and compressive strength, composites (CAC 5Pw and CAC 10Pw) were immersed in simulated body fluid (SBF) at 37 °C for 1, 7, 14 or 21 days. Analyses of the surface cements after immersion in SBF revealed the formation of a bonelike apatite layer in both composites, increasing the amount of this Ca, P rich compound as the Pw content was increased. The compressive strength of the composites decreased as the pseudowollastonite content was increased. However, the strength of the composites was higher than that established for bone cements in the ASTM F451 standard.
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Introduction

Nowadays, there are many research works directed towards the development of bioactive ceramics (calcium phosphates [1,2], bio glasses [3,4], etc.). However, some specific applications require the in situ conformation of the materials, fact that limits their applications. An interesting research field is that of bioactive cements, due to the ability of these cements to be molded in situ. Many studies have been focused on obtaining calcium phosphate cements [5,6] since they have a composition similar to that of human bone. However, due to the low mechanical properties of these materials, their application has been limited to low strength areas. Calcium aluminate cement has been of great interest to researchers as bone cement [7] due to their high mechanical properties [8] and bioactivity [9,10]. However, this type of cement shows long setting times, which limits their use for some medical applications. In previous studies [11] it was determined that the addition of LiCl to the CAC in order to decrease the setting time inhibited the bioactivity of this cement. For this reason, the effect of the addition of pseudowollastonite on bioactivity and compressive strength of a CAC exposed to SBF was studied in this paper.

Experimental

 Materials

Calcium aluminate clinker was obtained by solid state reaction from a mixture of reagent grade chemicals of calcium carbonate (CaCO3, Aldrich 99 % purity) and alumina (Al2O3, Aldrich 99.5 % purity). The mixture was heat treated at 1450 °C for 4h. Pseudowollastonite was synthesized by sol-gel using tetraethyl orthosilicate (TEOS, Aldrich 98% purity) and calcium nitrate (Aldrich 99% purity) as precursors. Both materials obtained were milled until reaching an average particle size of 22μm.

Sample preparation

The samples were prepared by mixing calcium aluminate clinker with the corresponding amount of pseudowollastonite (5 or 10%) at a w/c ratio of 0.4 (0.015M LiCl aqueous solution) until a paste was formed. Pastes were casted into two different nylamid molds to obtain samples for the in vitro bioactivity and compressive strength testing assays. All samples were set for 1h. The composites were identified as CAC 5Pw (5% pseudowollastonite) and CAC 10Pw (10% pseudowollastonite).

In vitro bioactivity assessment

The simulated body fluid (SBF) used in these tests was prepared following the procedure described by Kokubo et al. [12]. After setting, each sample was immersed in 200ml of SBF and placed into an incubator at 37 °C for 21 days. After immersion, samples were stored in desiccators. The surface of the composite samples was analyzed before and after immersion in SBF by scanning electron microscopy (SEM; Philips, XL30 ESEM), energy dispersive spectroscopy (EDS; EDAX, Pegasus) and X-ray diffraction (XRD; Philips, Xpert).


Compressive strength

Before compressive strength evaluation, samples were immersed in SBF for 1, 7, 14 or 21 days at 37 °C. The compressive load was applied at a crosshead speed of 0.5mm/min. The mechanical strength evaluation was performed according to the ASTM F 451[13].

Setting times

The initial and final setting times of cements were evaluated using a Vicat needle (ASTM C 191) [14].

Results and Discussion
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Figure 1:      XRD patterns of composite surfaces before immersion in SBF: 1a: CAC 5Pw; 1b: CAC 10Pw.



Figure 1 shows the XRD patterns of the surface composites (CAC 5Pw and CAC 10Pw) before immersion in SBF. Peaks corresponding tonon-hydratedcalcium aluminate [JCPDS 070-0134; CaAl2O4] and Friedel's salt [JCPDS 089-52-94; (CaO)3(Al2O3)(CaCl2)(H2O)10] wereobserved in both patterns (Figure 1a & 1b). It can be observed that the intensity of the peaks corresponding to Friedel's salt decreased as the quantity of pseudowollastonite increased, this fact is possibly due to a decrease in porosity of the composite by the addition of pseudowollastonite. This salt is formed by the reaction of CAC with the chloride ions of the aqueous solution [15]. In the XRD pattern corresponding of the CAC 10Pw (Figure 1b), also pseudowollastonite [JCPDS 074-08-74; CaSiO3] was detected. No peaks corresponding to pseudowollastonite were observed on the pattern of CAC 5Pw (Figure 1a) due to the sensibility of this technique.
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Figure 2:      XRD patterns of composite surfaces after21 days of immersion in SBF: 2a: CAC 5Pw; 2b: CAC 10Pw.



Figure 2 shows the XRD patterns of the surface composites (CAC 5Pw and CAC 10Pw) after 21 days of immersion in SBF. Peaks corresponding tonon-hydrated calcium aluminate [JCPDS 0700134; CaAl2O4], aluminum hydroxide [JCPDS 074-1775; Al(OH)3] and pseudowollastonite[JCPDS 074-08-74; CaSiO3] were observed in both patterns. Peaks corresponding to HA be observed in the pattern corresponding to CAC 10Pw (Figure 2b). This compound is formed in bioactive materials when they are exposed to SBF. As observed, the increase in the amount of pseudowollastonite in the composite increased the bioactivity of the material.
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Figure 3:  SEM images and EDS spectra of the surface composites before immersion in SBF: 3a: CAC 5 Pw; 3b: CAC 10 Pw; and after 21 days immersion in SBF: 3c: CAC 5Pw; 3d: CAC 10 Pw.




Figure 3 shows SEM images and EDS spectra of the composites (CAC 5Pw and CAC 10Pw) before and after 21 days of immersion in SBF. Before immersion (Figure 3a & 3b), a rough surface was observed on both composites. In the corresponding EDS spectra, the presence of Al, Ca, Si and O, main elements of calcium aluminate and pseudowollastonite was detected, which was corroborated by XRD (Figure 1). Figures 3c & 3d correspond to the composites CAC 5Pw and CAC 10Pw after 21 days of immersion in SBF. It can be observed in both SEM images that a thick and homogenous ceramic layer, constituted by Ca, P-rich agglomerates, fact corroborated for the corresponding EDS spectra, was formed in the surfacecements. The Ca, P-rich layer was identified as HA by XRD (Figure 2). The bioactivity of the cements increased as the pseudowollastonite amount was increased.
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Figure 4:  Compressive strength of composites as a function of immersion time in SBF.



Figure 4 shows the compressive strength of the composites as a function of immersion time in SBF. As observed, the compressive strength decreased as the pseudowollastonite content was increased. The initial values of strength (1 day of immersion in SBF) of cements were around 70MPa. After 21 days of immersion in SBF composites (CAC 5Pw and CAC 10Pw) shows appropriates mechanical properties. According to the ASTM F-451, a minimum value of 70MPa is required for bone cements.

When comparing setting time of both cements, no significant changes were observed in the initial (23 and 20min) and final (2.5 and 2.3min) setting times obtained for CAC 5Pw and CAC 10Pw, respectively.

Conclusion

Novel composites based in calcium aluminate cement were obtained. After 21 days of immersion in SBF a homogeneous and thick apatite layer was observed on the surface cements (CAC 5Pw and CAC 10Pw). A higher bioactivity was observed on cements with content of 10% of pseudowollastonite. The cements showed appropriate compressive strength. The results obtained indicate that cements can be highly potential bone cements.
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