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Doping and calcination effect on nanostructured aluminosilicates processed by solgel route

Local order changes determined in an aluminosilicate matrix by calcination and addition of iron, yttrium or dysprosium oxides were investigated by X-ray diffraction and infrared spectroscopy. The nanocrystalline phase is reached only by Fe doping and not by the other two dopings. After calcination at temperatures as high as 1200 C, nanocrystalline cristobalite alone are formed in the aluminosilicate matrix, while the doped samples favour the additional growth of mullite and quartz nanocrystals. The o aluminosilicate spinel phase was not detected in any of these samples. An additional crystalline phase was only observed in the samples doped with yttrium and dysprosium. The structural units evidenced by FTIR analysis are associated with the crystalline phases identified by X-ray diffraction.

Introduction

Aluminosilicate systems synthesised at room temperature by sol-gel route present attractive properties for medical application as biomaterials [1][2][3], but also as catalysts [4,5]. In addition to chemical composition, the structure, surface topographical features and the nanoscale changes in surface layer all have significant effects on their bioactive and catalytic properties [4][5][6].

Sol-gel derived aluminosilicates with nanosised mullite particles are interesting candidates for osteoconductive coatings on alumina implants [7]. Biocompatible ferrimagnetic glass ceramics are suitable for hysteresis heating of surrounding tissues [8]. ____________________________________________ *Corresponding author: viosimon@phys.ubbcluj.ro Silicate and aluminosilicate glass ceramics are highly stable in the body, therefore, by the addition of iron oxide they could be optimised for hysteresis heating [9][10][11].

Hyperthermia is part of non-invasive protocols for cancer therapy and is considered a promising treatment for tumour eradication [12,13]. On the other hand, aluminosilicate glasses with yttrium or certain rare earths like dysprosium, samarium and holmium have led to a special family of glasses used in internal radiotherapy [14,15]. The biocompatibility of these materials depends on the activity of the cells adhered to their surface and is influenced not only by the composition of the materials but also by their structure. Moreover, the studies have emphasized that nanosized crystalline phases, like nanosized mullite, can increase the cells function in comparison to conventional phases, but it is considered that a spinel phase diminishes the activity of the cells adhered onto these samples surface [7].

In this paper we report results concerning local order changes in a sol-gel derived aluminosilicate matrix determined by calcination and the addition of iron, yttrium or dysprosium oxides.

Experimental

Experimental samples of 75SiO 2 ⋅(25-x)Al 2 O 3 ⋅xM 2 O 3 system, where M = Fe, Y or Dy, and x = 0; 5 mol %, were prepared by the sol-gel method using, as starting reagents, DTA/TG measurements were performed on a Shimadzu analyser DTG-60H, from room temperature to 1200 ºC, in air, using alumina crucibles, with a heating rate of 10 ºC/min. The structure of the calcinated samples was investigated by X-ray diffraction with a Shimatzu XRD-6000 diffractometer, using CuKα radiation (λ = 1.5418 Ǻ), with Nifilter. The FTIR spectra were recorded with a resolution of 2 cm -1 on an Equinox 55 Bruker spectrophotometer, at room temperature, using the KBr disk technique.

Si(OH) 4 , Al(NO 3 ) 3 ⋅9H 2 O, Fe(NO 3 ) 3 ⋅9H 2 O, Y(NO 3 ) 3 •6H

Results and discussion

The DTA/TG profiles are shown in Fig. 1. The endothermic peaks, accompanied by significant weight losses, are attributed to water removal, decomposition of the remaining nitrate groups and dehydroxylation process [16][17][18]. The analysis of TG runs shows that the preponderant weight loss takes place below 500 °C. At temperatures above this limit the weight loss is less significant. Therefore, the first calcination was at 500 o C. The weak exothermic peaks indicate rearrangements in the xerogel structure and could even denote an amorphous phase separation which subsequently at higher temperatures leads to crystallisation of different phases [19,20].

The X-ray diffraction patterns of the 500 o C calcinated samples (Fig. 2) show that they are amorphous, except for the iron doped sample (Fig. 2b), whereas minor hematite and magnetite nanocrystalittes are evidenced by the peaks at 2θ = 33.3, 35.8, 49.8 and 54.7 o [21][22][23]. In order to enhance the crystallisation process, a second calcination was applied at 1200 o C.

After 24 hours of calcination at 1200 o C, only a nanocrystalline phase of SiO 2 cristobalite type [24] developed in the aluminosilicate matrix (Fig. 3a). The absence of any other crystalline phases with aluminium proved that aluminium ions are mainly incorporated in the remaining non-crystalline phase. The crystalline silica can appear in different polymorphic forms as quartz, tridymite and cristobalite, each of them representing a distinct arrangement of silicon-oxygen tetrahedra in the three-dimensional crystalline network. The diffraction peaks at 2θ = 20.8 and 26.7 o , for samples with yttrium and dysprosium, are a contribution from a crystalline SiO 2 quartz phase [25,26]. In the doped samples (Fig. 3 b-d), diffraction peaks arising from Al 6 Si 2 O 13 mullite nanocrystals [20,27,28] are recorded besides cristobalite nanocrystals. Mullite is a biocompatible ceramic phase with soft and hard tissues, and nanosized mullite can increase the cells function while a spinel phase diminishes the activity of the cells [7,29]. Metastable phases like aluminosilicate spinel did not appear in any of our samples. An additional unidentified diffraction peak, marked with asterisk, is recorded only from the yttrium and dysprosium doped samples. This peak is assumed to be related with a structural phase including the larger radius Y 3+ and Dy 3+ ions, about 1.05 Å, compared with 0.69 and 0.75 Å -the radius of Fe 3+ and Fe 2+ ions respectively. The iron ions could be easily included in mullite phase, their radii being close to that of Al 3+ ion (0.53 Å for Al 3+ tetracoordinated and 0.68 Å for Al 3+ hexacoordinated) [START_REF]Handbook of Chemistry and Physics[END_REF]. Crystal size estimation from the XRD peaks width shows that the size of the developed nanocrystals range from 10.4 to 30.5 nm depending on the doping oxide.

FTIR analysis was performed in the wave number region range of 4000-400 cm -1 . The spectra of 500 o C calcinated samples (Fig. 4) appear very similar. The absorption bands around 3420 and 1635 cm -1 are usually attributed to symmetrical and asymmetrical O-H stretching vibrations, and respectively to the bending of H-O-H from water molecules adsorbed on the sample surface. The broad absorption band appearing at 1110 cm -1 , with a shoulder at 1215 cm -1 , is ascribed to Si-O stretching vibration (SiO 4 ) and asymmetric stretching vibration of Si-O-Si bonds [START_REF] Lee | [END_REF]. The weak absorption band recoded at 800 cm -1 can be assigned to amorphous silica [32,33] and tetracoordinated aluminium [34].

The absorption band at around 475 cm -1 is characteristic of Si-O-Si bending vibration and Al-O-Al bending vibration [35][36][37].

After calcination at 1200 o C, the FTIR spectra (Fig. 5) appear among each other less similar than those of 500 o C calcinated samples (Fig. 4). Beside the 3430 and 1636 cm -1 absorption bands occurring from O-H stretching mode and H-O-H bending mode of molecular water, for all samples are recorded IR absorption bands close to 1205, 1095, 890, 790, 720, 620, 575 and 480 cm -1 , which isbetter evidenced in Fig. 6. Some of these bands (1205, 1095, 790 and 480 cm -1 ) occur at wavenumbers very close to that of the bands recorded from non-crystalline samples and have the same assignments. For example, the weak peak at 800 cm -1 band (Fig. 4) assigned to amorphous silica occurs shifted to 790 cm -1 (Fig. 5), and is due to symmetric Si-O-Si stretching vibration in crystalline SiO 2 [32,33,38].

The following IR absorption bands of 1200 o C crystallised samples are new: 575, 620, 720 and 890 cm -1 . The weak band at 575 cm -1 is assigned to Al-O stretching vibration in AlO 6 units, the shoulder at 720 cm -1 is attributed to Al-O stretching vibration in AlO 4 units [39], and the band at 620 cm -1 occurs from O-Al-O bending vibration. The large absorption band recorded around 890 cm -1 only from the doped samples (Fig. 6 b-d) is assigned to Al-O stretching vibration in AlO 4 units [40,41]. On the other hand, only in the spectra of yttrium an dysprosium samples (Fig. 5 c,d) a very weak shoulder is recorded at 960 cm -1 , which can be related to the unassigned X-ray diffraction peak (Fig. 3) obtained only for these two samples.

Conclusions

Vitreous 3SiO 2 ⋅Al 2 O 3 aluminosilicate matrix was obtained using the low temperature sol- containing samples. In addition, an unidentified crystalline phase is formed in the samples containing yttrium and dysprosium. In none of these samples do undesired metastable phases like aluminosilicate spinel appear, which could diminish the activity of the cells adhered to their surface. FTIR results validate these structural changes by occurrence of new absorption bands assigned to bond vibrations in the (SiO 4 ), (AlO 4 ) and (AlO 6 ) structural units. The investigated aluminosilicate samples present suitable nanostructural features that could favor their application as biomaterials. 
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 123 Fig. 1 DTA and TG curves of 75SiO 2 ⋅(25-x)Al 2 O 3 ⋅xM 2 O 3 samples. (a) x=0; (b) x = 5 mol% Fe 2 O 3 ; (c) x = 5 mol% Y 2 O 3 ; (d) x = 5 mol% Dy 2 O 3 .
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 456 Fig. 4 FTIR spectra of 500 o C calcinated samples. (a) x=0; (b) x = 5 mol% Fe 2 O 3 ; (c) x = 5 mol% Y 2 O 3 ; (d) x = 5 mol% Dy 2 O 3 .
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