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I. Introduction

Human bone has inherent electrical properties [START_REF] Singh | Electrical properties of bone. A review[END_REF] (pyroelectric, piezoelectric and polarization), which is considered to play a vital role in the bone healing/remodeling 2 . The occurrence of electric potentials under mechanical loading [START_REF] Klein-Nulend | Mechanical loading and how it affects bone cells: The role of osteocyte cytoskeleton in maintaining our skeleton[END_REF] in bone is explained in terms of collagen [START_REF] Andrew | Relevance of collagen piezoelectricity to "Wolff's law": A critical review[END_REF] and by ionic fluid movement [START_REF] Trumbore | Electrical potential difference across bone membrane[END_REF] in the structure. These electrical potentials corresponding to applied load regulate the mechanical adaptation of bone and bone cell activities, which lead to the idea of adding an electroactive element [START_REF] Itay | Compositions and methods for repair of cartilage and bone[END_REF] to the implant material to improve bone healing/ remodeling. Hydroxyapatite (HA) is one of the widely used synthetic material for the bone graft substitutes [START_REF] Damien | Bone graft and bone graft substitutes: A review of current technology and applications[END_REF] . Synthetic nanocrystalline HA has recently been demonstrated [START_REF] Abbasi | Piezoelectricity in Poled Hydroxyapatite Ceramics[END_REF] to exhibit piezo, pyro and ferroelectric property. A.Gandhi et al [START_REF] Abbasi | Piezoelectricity in Poled Hydroxyapatite Ceramics[END_REF] reported that a combination of optimized poling conditions and texture in HA has resulted in a longitudinal piezoelectric strain co-efficient that is one order higher than that of bone and of the same order as that of the uncalcified collagen in the tendon. OH -groups in HA are responsible for the polarization 9 leading to piezoelectricity.

Retention of OH -groups not only ensures the retention of the HA's chemical composition, but also helps in spontaneous polarization and high electrical conductivity exhibited by HA. Enhanced osteobonding and osteoconductive abilities of electrically polarized HA ceramic were reported [START_REF] Sagawa | Enhanced Bone Bonding of the Hydroxyapatite/β-Tricalcium Phosphate Composite by Electrical Polarization in Rabbit Long Bone[END_REF] upon implantation in the cortical bone of white rabbits. Re-orientation of OH -dipoles in HA is also attributed to the positive effect on the biological response of HA implants [START_REF] Yamashita | Acceleration and Deceleration of Bone-Like Crystal Growth on Ceramic Hydroxyapatite by Electric Poling[END_REF] .

The piezoelectric properties of BaTiO3 (BT) ((d33) of ~191 pC/N) make this material a good candidate to enhance the bone formation in the complex physiological environment [START_REF] Roberts | Dielectric and Piezoelectric Properties of Barium Titanate[END_REF] . BT is a well-known ferroelectric material whose properties are strongly linked to both crystal structure and the microstructure [START_REF] Frey | Grain-size effect on structure and phase transformations for barium titanate[END_REF][START_REF] Jiang | Size effects on Curie temperature of ferroelectric particles[END_REF] . The permittivity values and Curie temperature depend on grain size.

Guodong Zhan et al [START_REF] Zhan | High density barium titanate of high permittivity[END_REF] reported that the maximum value of dielectric permittivity at room temperature occurs at a grain size of close to 1 µm. Decreasing the grain size from 10 to 1 µm leads to an increase of the dielectric permittivity (ɛr) reaching values higher than 5000 at room temperature. Below 1 µm BT grain size, the permittivity decreases markedly with further decreasing the grain size [START_REF] Ghosh | Domain wall displacement is the origin of superior permittivity and piezoelectricity in BT at intermediate grain sizes[END_REF] . To mimic bone's inherent electrical property, various piezocomposites with different percentages of BT content (100-x) HA-x BT (x = 25, 40, 60, 75, 90) were conceptualized and designed [START_REF] Baxter | An in vitro study of electrically active hydroxyapatite-barium titanate ceramics using Saos-2 cells[END_REF] . 60HA-40BT and 40HA -60BT are the two well-known, widely investigated biopiezocomposites [START_REF] Dubey | Multifunctional Properties of Multistage Spark Plasma Sintered HA-BaTiO3-Based Piezobiocomposites for Bone Replacement Applications[END_REF][START_REF] Zhao | The structural and biological properties of hydroxyapatite-modified titanate nanowire scaffolds[END_REF][START_REF] Zarkoob | Synthesis, Characterization and Bioactivity Evaluation of Porous Barium Titanate with Nanostructured Hydroxyapatite Coating for Biomedical Application[END_REF][START_REF] Baxter | Electrically Active Bioceramics: A Review of Interfacial Responses[END_REF] . No piezoelectric co-efficient was observed in the case of composites with BT content lower than < 80% [START_REF] Bowen | Dielectric and piezoelectric properties of hydroxyapatite-BaTiO3 composites[END_REF] . Increasing BT content, though increases mechanical toughness [START_REF] Chen | A new approach for toughening of ceramics[END_REF] in HA-BT composites leads to increase of sintering temperature (> 950°C). The increase of sintering temperature with the increase of BT content could cause the dissociation [START_REF] Gu | Spark plasma sintering of hydroxyapatite powders[END_REF] of HA leading to different phases such as β-TCP/ α-TCP/ CaTiO3/ Ba10 (PO4) 6 (OH) 2 and loss of OH -in HA.

Both porous [START_REF] Zhang | Aligned porous barium titanate/hydroxyapatite composites with high piezoelectric coefficients for bone tissue engineering[END_REF] and dense piezocomposites of (100-x) HA -x BT are reported for their electroactivity. HA piezocomposites of alkali niobates is reported by Dubey et al [START_REF] Kumar Dubey | Piezoelectric sodium potassium niobate mediated improved polarization and in vitro bioactivity of hydroxyapatite[END_REF] to increase the electroactivity and to decrease the sintering temperature required to densify the piezocomposites.

However, the room temperature values of the dielectric permittivity and loss for both of the developed composites [START_REF] Dubey | Dielectric and Pyroelectric Properties of HAp-BaTiO3 Composites[END_REF] , 60HA-40BT, and 40HA-60BT, are 21 and 38 and 0.01 and 0.02, respectively. Significant improvement was recently reported by Dubey et al [START_REF] Dubey | Multifunctional Properties of Multistage Spark Plasma Sintered HA-BaTiO3-Based Piezobiocomposites for Bone Replacement Applications[END_REF] in HA-BT composites sintered at low temperature using spark plasma sintering (SPS) multi-step cycle.

In the present study, we focus on (100-x) HA-x BT (x = 25, 40, 60, 75) dense piezo biocomposites obtained by one-step SPS addressing two major issues: i) an experimental proof through IR and thermal characterizations that OH -are retained in dense HA -BT composites, ii) a complete and reliable dielectric and pyroelectric investigation showing the enhancement of the dielectric properties by controlling ferroelectric phase content and ferroelectric grain size.

II. Experimental procedure

II.1 Materials processing

Pure HA was synthesized by suspension-precipitation method [START_REF] Santos | Synthesis control and characterization of hydroxyapatite prepared by wet precipitation process[END_REF] mixed with the commercial barium titanate BaTiO3 (BT) from M/S Sakai with different sizes corresponding to mean diameters of 300 nm and 500 nm. HA and BT were mixed in various wt% ratios (100-x) HA -(x) BT, where x= 25, 40, 60, 75 by rotation mixing (to avoid any influence from balls and milling jars) for 48 h to ensure a homogeneous mixture of both the compositions. Rotation mixing was used to avoid contamination. For the sake of simplicity 75HA-25BT, 60HA-40BT, 40HA-60BT and 25HA-75BT will be addressed hereafter as HB25, HB40, HB60, and HB75, respectively. To indicate the different grain size of BT used, the composites obtained with BT-300 nm will be addressed as HB30025, HB30040, HB30060 and HB30075 and the composites obtained with BT-500 nm will be indicated as HB50025, HB50040, HB50060, and HB50075, respectively.

II.2 Sintering

Spark plasma sintering (SPS) experiments were performed with DR. SINTER LAB Spark Plasma Sintering system, Model SPS-515S-FUJI. The experiments were performed under a vacuum of 10 Pa with the pulse sequence for the SPS applied voltage of 12:2 (i.e., 12 ON/ 2 OFF). 1 g of powder was used for each experiment. The experiment was carried out in a graphite mold with an inner diameter of 10 mm and an external diameter of 25 mm. The internal of the graphite die was covered with flexible carbon paper (Papyex). The mold was covered with carbon fiber felt to limit the loss of heat radiation. The temperature of the mold was measured with the help of thermocouple. The pellets were sintered under vacuum by SPS at temperatures between 850°C -900°C with a dwell time of 10 minutes under a uniaxial pressure of 100 MPa in a single step process. The pressure was applied at the onset of the sintering cycle and released after cooling down to room temperature. The heating and cooling rate of 25°C/min were maintained equal in all the experiments.

II.3 Characterization studies

Powder X-Ray Diffraction (XRD) analysis was performed with a PANalytical X'pert MDP diffractometer with θ-θ Bragg-Brentano configuration with a backscattering graphite monochromator for Kα Cu radiation working at 40 kV and 40 mA. Temperature dependent XRD has been performed using a Powder diffractometer (PANalytical X'Pert Pro) equipped with a hightemperature chamber Anton Paar HTK16 (1600°C) measuring with Kα Cu radiation. The starting powders and sintered samples were analyzed by XRD and temperature dependent XRD. The temperatures of analysis were from room temperature until 950°C. The density was measured by the Archimedes method in distilled water. The microstructure was observed by a scanning electron microscope (Jeol 840 SEM) on the fractured surface without polishing. Fourier transform infrared (FTIR) measurements were carried out using a Bruker Equinox 55 spectrophotometer. The spectra were recorded over 32 scans in the range of 400-4000 cm -1 , with a resolution of 4 cm -1 , using KBr powder technique. Thermogravimetric analysismass spectrometry (TGA-MS) measurements were performed with an NETZSCH STA 409 apparatus coupled with a Thermostar Balzers Instruments quadrupole spectrometer. Thermogravimetry (TG) analyses were recorded in the 30-1000°C temperature range with a heating rate of 5°C•min -1 under argon. Dielectric measurements were performed using a Wayne-Kerr component analyzer 6425 in the temperature and frequency ranges of 200-500 K and 100 Hz -100 kHz respectively. The mirror polished parallel faces of the pellets were electroded using gold sputtering and silver wires were attached to these electrodes using a silver paste. The real part of the permittivity derived from the capacitance was measured directly. For pyroelectric measurements, the sample was set in a homemade cell enabling the temperature to be scanned from 100 K up to 450 K. Prior to such lowtemperature run, the cell was pumped down and a slight overpressure of dry Helium was introduced so as to avoid moisture adsorption. The sample was electrically connected to the output port of an HP4194 impedance analyzer with an operating frequency range of 100 Hz-2 MHz. The electrical polarization of the sample was measured after electrical poling (E = 1 kV mm -1 ) of the samples performed at 130°C for 30 min. The samples were then cooled down and the electric polarization was measured on heating.

III. Results and discussion

The aim of this work is to optimize the sintering of the composites by SPS by tuning the BT grain size and volume fraction. To enhance the electrical properties, obtaining high-density composites of HA-BT with various volume fractions of BT and retaining OH -ion is a prerequisite.

Many studies have highlighted the decisive role of sintering to maintain the integrity of each phases of the composite and in particular to avoid HA decomposition. Wang et al. [START_REF] Wang | Morphology-Enhanced Low-Temperature Sintering of Nanocrystalline Hydroxyapatite[END_REF] , reported on morphology-enhanced nanostructured HA by conventional sintering with a dwell time of 24 h at 850 °C. The coalescence of fine particles is said to happen during calcination, which is expected to help in reducing the grain growth during sintering and allow easy molding for better shaping.

Average grain sizes of 100 nm and 200 nm with improved mechanical properties by microwave sintering [START_REF] Veljovic | Microwave Sintering of Fine Grained HAP and HAP/TCP Bioceramics[END_REF] have been reported. SPS [START_REF] Eriksson | Transparent Hydroxyapatite Ceramics with Nanograin Structure Prepared by High Pressure Spark Plasma Sintering at the Minimized Sintering Temperature[END_REF] has been helpful in yielding nanostructured HA bioceramics with translucency with grain sizes below 200 nm. A controlled heating rate has been employed by Uskokovic et al 32 to obtain densification. Chen and Wang et al. [START_REF] Chen | Sintering dense nanocrystalline ceramics without final stage grain growth[END_REF] used a two-step sintering method to obtain dense ceramic with the final stage of sintering through grain boundary diffusion and grain boundary migration. Fully-dense bioceramics with suppressed grain growth have been reported by Lukic et al [START_REF] Lukic | Peculiarities in Sintering Behavior of Ca-Deficient Hydroxyapatite Nanopowders[END_REF] . The processing of HA under vacuum leads to the decomposition of HA while processing under the high partial pressure of water prevents decomposition. On the other hand, the presence of water in the sintering atmosphere inhibits densification of HA and accelerates the grain growth [START_REF] Li | In situ formation of hydroxyapatite-whisker ceramics by hydrothermal hotpressing method[END_REF] . The densification of HA attains a saturation limit between 1100 °C and 1300 °C.

Dehydroxylation 36 leads to decomposition, and this OH -ion loss cannot be restored during cooling to ambient temperature. The dielectric constant of dry human cortical bone is around 10 and was found to be very sensitive to water content [START_REF] Allen | The electrical and dielectric properties of human bone tissue and their relationship with density and bone mineral content[END_REF][START_REF]Nanomedicine: Technologies and Applications[END_REF][START_REF] Maeda | Effect of water on piezoelectric, dielectric, and elastic properties of bone[END_REF] . In general, dehydroxylation tends to occur at temperatures lower than 800 °C, followed by accelerating dehydroxylation between 800 and 1350 °C. At a temperature higher than 1350 °C, irreversible dehydroxylation accompanied by decomposition occurs; whereas densification at a temperature >900 °C takes place. Owing to the different densification behaviors of HA and BT, a balance has to be found in the selection of the sintering temperature. The high temperature leads to decomposition and phase instability in addition to impairing the mechanical properties of the HA-BT composite. Hence, sintering of HA-BT composite at low temperatures and short time duration is mandatory to retain the nanograins within the densified ceramic, and thus ensure better osteointegration and capability of nano-HA to release calcium and phosphate ions at the damaged site. HB30025, HB50025, HB30040, HB50040, HB30060, HB50060, were sintered at 850°C and compositions of HB30075 and HB50075 were sintered at 900°C (due to the composite rich in BT). High pressure has aided in significantly increasing the densification, enabling the composite to be fabricated under relatively lower temperature and shorter sintering period while obtaining dense composites. After sintering no carbon contamination was detected in the SPS samples. The chosen sintering cycle in the present work helped in obtaining the sample with good mechanical resistance. The sintered samples were ground and polished to a thickness of 1 mm discs.

The relative density of the composites measured by Archimedes method were in the range of 90%. The density of the composites decreases with the increase content of BT due to the high densification temperature required for BT, which is in accordance with the previous reports [START_REF] Baxter | An in vitro study of electrically active hydroxyapatite-barium titanate ceramics using Saos-2 cells[END_REF][START_REF] Dubey | Multifunctional Properties of Multistage Spark Plasma Sintered HA-BaTiO3-Based Piezobiocomposites for Bone Replacement Applications[END_REF] .

An increase of density could be obtained by increasing the sintering temperature but low temperature was intentionally employed in this work to retain OH -ions in the lattice of the HA-BT composites. Hence, the HA-BT composites in the present study was chosen to be sintered between 850°C-900°C by SPS.

Phase stability and structure of HA-BT was studied with high-temperature XRD (Figure 1). Decomposition of HA starts at 1000°C under vacuum. While, dehydroxylation of HA is reported to start at 850°-900°C. The hexagonal HA and tetragonal BT phases have been identified in the XRD patterns of all (100-x) HA -(x) BT composites. The two Bragg peaks located around 44 to 46° corresponding to the (002) and (200) planes of the tetragonal phases of BT were identified in all the composites of HA-BT. In all the composites of HA-BT, Bragg angle of (002) peak decreased and (200) shifted slightly to a high angle, which indicates that there is an increase in tetragonal distortion with the increase in grain size. It has to be noted that tetragonal distortion is related to spontaneous polarization and the decrease of grain size reduces also the noncentrosymmetric character of BT. Neither decomposition/ phase change nor additional phases resulting from interfacial reactions were detected in the chosen temperature range up to 900°C (Figure 1 (a)). XRD patterns on the monoliths (Figure 1 (b)) irrespective of their composition confirms the sole presence of the constituent phases of HA and BT. The tetragonal phase of BT was retained for all the sintered monoliths whatever the BT content. However, the broadening of the peaks in the sintered monoliths around the 44-46° could be attributed to a resulting slight distortion from the compressive stress applied during SPS.

Enhanced bone osteobonding and new bone growth on polarized HA was attributed due to the generation of permanent surface charge [START_REF] Tofail | Electrically Polarized Biomaterials[END_REF] . At high temperatures under applied electric field, the surface charge is created in HA due to the proton migration in columnar OH -structure as opposed to dipole rotation. The orientation of the OH -ions [START_REF] Uskoković | The Role of Hydroxyl Channel in Defining Selected Physicochemical Peculiarities Exhibited by Hydroxyapatite[END_REF] in the channel can also cause a profound effect on the bonding strength. After sintering the composites at high temperatures, they are susceptible to loss of OH -ions. In order to identify the presence of OH -ions in the composites sintered by SPS, Fourier transform infrared (FTIR) transmittance measurements were carried out on the starting powders and on the sintered piezocomposites. Figure 2 indicates the FTIR spectrum of the sintered piezocomposite of (100-x) HA -(x) BT. It can be inferred that the FTIR spectrum consists of all the peaks corresponding to the initial powder used for densification confirming no loss of OH -or other significant chemical constituents of the composites. HA is characterized by the presence of PO4 3-, OH -, CO3 2-groups and BT is characterized by the groups corresponding to Ti-O with Ba. PO4 3-group is observed as the intense IR absorption bands at 580 cm -1 and 610 cm - 1 related to triply degenerated bending mode, 985 cm -1 corresponding to the non-degenerate symmetric P-O stretching and the peaks corresponding to 1050 -1110 cm -1 is related to triply degenerated anti-symmetric P-O stretching. Adsorbed water on the surface is relatively wide and is observed from 2300 -3300 cm -1 and the intense peak at 3567 cm -1 corresponds to OH -stretching vibration and the weak peak at 633 cm -1 are related to OH-librational vibration mode. CO3 2-groups are identified by intensive peaks between 1465 and 1480 cm -1 and peaks at 1544 cm -1 . The bands at ~880 cm -1 , ~1413 cm -1 , and ~1450 cm -1 are not used to identify carbonated apatite since they may also result from carbonate absorption on surfaces of apatite crystals or separated carbonate phase present with apatite crystals. Strong and wide band located between 495 cm -1 to 850 cm -1 indicates the presence of BT. Strong IR bands at 491 cm -1 and 580 cm -1 correspond to the tetragonal BT phases. The former is related to TiO6 stretching vibration that connects to barium ion and the latter confirms the Ti-O polarization in BT with tetragonal phase. The only difference observed between the starting powder and the sintered composite is the disappearance of the wide peak area between 2300 -3300 cm -1 corresponding to the adsorbed surface water. None of the other bands change between the starting powder and the sintered composite, asserting the presence of OH-ion in the lattice of the sintered composite at the chosen sintering temperature.

In agreement with FTIR analyses, thermogravimetric analyses (TGA) (Figure 3) on the biocomposites confirm the absence of decomposition in the range of sintering temperature employed in the present study. Figure 3 (a) and (b) shows HB30040 and HB50040 biocomposites as a representative example for other piezocomposites investigated in the present study. Dehydration occurs in the temperature range of 35-800°C for HA. Irrespective of the BT grain size, it can be observed from figure 3 that there is a continuous weight loss in the temperature range of 100-855 o C with a mass loss of -1.37/ -1.47%. There is another temperature zone between 950-1150 o C with a rapid decrease in mass of about -1.23/ -1.77%. The weight loss observed is mainly due to the loss of adsorbed surface water, loss of water of crystallization and breakage of CO3 2-and HPO4, which is in accordance with FTIR analyses on these composites.

Figure 4 shows the microstructure and electron diffraction scattering (EDS) images of the sintered piezocomposites of HB25 and HB75. Similar microstructural features are observed in HB40 and HB60. The microstructural investigation of the piezocomposites indicates grain growth of HA matrix is in the range of 400 -500 nm from its initial grain size of 100 nm.The grain growth corresponding to BT grains with an initial grain size of 300 nm and 500 nm is in the range of 400-500 nm and 600-700 nm, respectively. EDS images of the composites reveals the distribution of the HA (appearing black in back scattered images) and BT. It can be inferred that when BT ≥ 75 weight%, the distribution of HA in the composites becomes inhomogeneous. Piezoelectric effect can be enhanced in ceramics through preferred grain-orientation prior to poling process [START_REF] Jones | Texture and Anisotropy of Polycrystalline Piezoelectrics[END_REF][START_REF] Tofail | Direct and ultrasonic measurements of macroscopic piezoelectricity in sintered hydroxyapatite[END_REF] .

Ceramics fabricated with SPS can yield texturing effect [START_REF] Yan | A Lead-Free High-Curie-Point Ferroelectric Ceramic, CaBi2Nb2O9[END_REF] . Further nanostructured ceramics will easily undergo plastic deformation in the presence of pulsed electric current [START_REF] Mamedov | Spark plasma sintering as advanced PM sintering method[END_REF] . In the present study, in addition to the plastic deformation, the texturing effect could be also caused by the thermal gradient within the sample due to the higher electrical resistivity of BT than HA. Individual HA particles tend to have in-plane c-axis orientation and the grain growth of these particles are restricted by SPS technique due to the uniaxial pressure involved in this process. Gandhi et al [START_REF] Abbasi | The Role of Texturing and Densification on Optical Transmittance of Hydroxyapatite Ceramics[END_REF] attributed a combined thermal-electrical energy from the localized plasma to ensure grain rotation despite grain growth restriction in the uniaxial pressure direction.

The nanostructured composites obtained in figures 4 and 5 can be attributed to the chosen spark plasma sintering conditions in the present work. The HA grains are well oriented in the direction perpendicular to the direction of application of pressure in SPS. The magnified image of the sample containing HB30040 and HB50040 in figure 5 indicates that there is no interdiffusion between the HA and BT layers. Further, it can be observed that the zone containing the HA is densified well, with distinct grain boundaries and the zone containing the BT is less densified, irrespective of their initial grain size. This can be attributed to the low sintering temperature employed in this study.

Dielectric measurements have been performed as a function of temperature and frequency for all the sintered biocomposites. Figure 6 Maximum values of about 260 at room temperature, higher than those reported in literature, are obtained despite the density of the ceramic of about 90%. Permittivity decreases when increasing HA content down to 15-20 for HB25. It is worth noting that a maximum of permittivity is observed close to 400 K. Ferroelectric Curie temperatures and dielectric permittivity at 250 K and 408 K of sintered composites is given in table 1. This signature of the ferroelectric-paraelectric transition is clearly marked for the highest content in BT and becomes masked by the high temperature conductivity for lower content of BT (i.e. increase of HA content). A frequency dispersion is observed when the temperature increases from room temperature. This frequency dependence of the relative permittivity becomes dominant with the increase of HA content due to the contribution of OH -ions to HA polarization [START_REF] Mahabole | Synthesis, characterization and gas sensing property of hydroxyapatite ceramic[END_REF][START_REF] Zakharov | Dielectric characteristics of biocompatible Ca10(PO4)6(OH)2 ceramics[END_REF][START_REF] Gittings | Electrical characterization of hydroxyapatite based bioceramics[END_REF] . Such dispersion could also arise from the reduction of the sintered piezocomposites of BT under SPS processing (Ti 4+ partially reduced in Ti 3+ during sintering under low oxygen partial pressure). Dubey et al [START_REF] Dubey | Multifunctional Properties of Multistage Spark Plasma Sintered HA-BaTiO3-Based Piezobiocomposites for Bone Replacement Applications[END_REF][START_REF] Dubey | Dielectric and Pyroelectric Properties of HAp-BaTiO3 Composites[END_REF] and Bowen et al [START_REF] Bowen | Dielectric and piezoelectric properties of hydroxyapatite-BaTiO3 composites[END_REF] reported that composites with BT content ≤60 wt% exhibit the lowest values (<40) of dielectric permittivity.

The room temperature values of dielectric permittivity and loss for highly densified HB40, and HB60 composites (98%) are 21, 38 and 0.01 and 0.02 respectively. In the present work, we have demonstrated that the obtained values of the sintered HA-BT piezocomposites are significantly higher (nearly double -i.e. about 40 for HB40 and 70 for HB60-losses at 10 kHz are about 0.02) than the reported values in the literature [START_REF] Baxter | An in vitro study of electrically active hydroxyapatite-barium titanate ceramics using Saos-2 cells[END_REF][START_REF] Dubey | Multifunctional Properties of Multistage Spark Plasma Sintered HA-BaTiO3-Based Piezobiocomposites for Bone Replacement Applications[END_REF][START_REF] Bowen | Dielectric and piezoelectric properties of hydroxyapatite-BaTiO3 composites[END_REF][START_REF] Baxter | Electrically Active Bioceramics: A Review of Interfacial Responses[END_REF][START_REF] Zhang | Aligned porous barium titanate/hydroxyapatite composites with high piezoelectric coefficients for bone tissue engineering[END_REF][START_REF] Dubey | Dielectric and Pyroelectric Properties of HAp-BaTiO3 Composites[END_REF] . Remarkably, whatever the BT content, the dielectric permittivity decreases with the increase of BT grain size. This cannot be attributed to a change in density, but could be explained by a more homogeneous BT matrix when the initial BT grain size is smaller (300nm) (Figure 4). Our dielectric results also reveal an increase of the dielectric losses with increasing BT grain size. In the low temperature range (T<300K), the permittivity values become stable and independent of both temperature and frequency.

The pyroelectric behavior of HA, HB30040 and HB50040 piezocomposites are shown in figure 7. It can be observed that the spontaneous polarization (Ps) corresponding to HB30040 and HB50040 is 0.3µC/cm 2 and 0.6µC/cm 2 , respectively. Whereas no pyrocurrent was detected for HA (Figure 7 (a)). Poling temperature is a dominant factor in controlling the property of HA electrets [START_REF] Tanaka | Polarization and microstructural effects of ceramic hydroxyapatite electrets[END_REF] because the protonic conductivity exponentially changes with temperature. The high stiffness of the HA matrix impede the efficiency of the poling process which restricts the 90° reorientations of the domain on poling. It is worth noting the significant change of HA microstructure of within the composite after poling. Grain boundaries clearly evidenced before poling are no more visible in the poled composites (Figure 5). This unexpected change of microstructure could be related to the modification of the grain boundaries due to surface charge accumulation. Under electric field, diffusion of protons induces formation dipoles in HA and leads to space charges in the vicinity of grain boundaries. The polarized state remains stable even at room temperature if the electric field is steadily applied during the cooling process after poling. A deeper analysis of both poling conditions and microstructure must be conducted in order to explore such unusual field effect on microstructure and evaluate the potentiality of these piezocomposites for tissue engineering applications. The investigation of this aspect is currently in progress.

IV. Conclusion

In summary, we demonstrate the feasibility of obtaining improved dielectric properties of dense piezocomposites of (100-x) HA-x BT (x = 25, 40, 60, 75, 90) even at x < 80% by controlling the grain size of BT particles in the range of 500 nm-1 µm. Dense piezocomposites of HA-BT have been fabricated by spark plasma sintering at temperatures < 900°C by a single step process without structural phase change, interdiffusion at interfaces or decomposition as shown by X-ray diffraction analyses Our process allows the retention of OH-ions in the HA-BT composites as confirmed by FTIR analyses.The influence of ferroelectric BT grain size in the HA-BT composites on the electrical properties was studied. Dielectric characterizations conducted in a large temperature range have shown that a stable permittivity value as high as 260 is obtained in HA-BT composites starting with 300nm initial BT grain size and a BT content lower than 80%. Furthermore, the signature of both the ferroelectric Curie temperature close to 400K and the tetragonal -orthorhombic transition in the vicinity of room temperature was evidenced in this composite. The controlled BT grain size and the benefit of OH-retention within HA-BT composite are ascribed to such enhanced dielectric properties. An optimisation of the poling process should allow to understand the surface polarization of HA-BT, which could lead to tuning these piezocomposites as viable electroactive ceramics. Further investigations such as in-vitro and in vivo tests are in progress to validate the OH -ion influence and effect of ferroelectric grain size on electroactivity on the piezocomposites. The present study warrants the possibility to obtain significant electrical properties with more percentage of HA and less electroactive external components such as BT. Table 1. Ferroelectric Curie temperature and the dielectric permittivity of the sintered composite at 250 K and 408 K at 1 kHz 
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Table 1 .

 1 Ferroelectric Curie temperature and the dielectric permittivity of the sintered composite at 250 K and 408 K at 1 kHz

	Composition	Curie's Temperature ( °C)	Dielectric	Dielectric
			permittivity	permittivity
			at 250 K	at 408 K
	HB30075	116	241	261
	HB50075	126	175	181
	HB30060	106	78.7	102
	HB50060	116	62.9	98
	HB30040	96.5	38.1	59.1
	HB50040	106.5	37.8	59.5
	HB30025	98.5	15.1	20.3
	HB50025	99.5	12.8	16.4
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