This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290

¢ Silicon

i and the Related Elements

[ —— Studies on SO 4 2- Ion Incorporation into Apatite Structure

; ok ) Kaia Tonsuaadu®; Merike Peld*; Michel Quarton®; Villem Bender; Mihkel Veiderma®

L ‘ ! 2 Department of Basic and Applied Chemistry, Tallinn Technical University, Tallinn, Estonia ®
Laboratory of Solid State Crystal Chemistry, University P. and M. Curie, Paris Cedex, France

i Online publication date: 27 October 2010

F

j

To cite this Article Tonsuaadu, Kaia , Peld, Merike , Quarton, Michel , Bender, Villem and Veiderma, Mihkel(2002) 'Studies
on SO 4 2- Ton Incorporation into Apatite Structure', Phosphorus, Sulfur, and Silicon and the Related Elements, 177: 6,
1873 — 1876

To link to this Article: DOIL 10.1080/10426500212265
URL: http://dx.doi.org/10.1080/10426500212265

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500212265
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11:52 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 2002, Vol. 177:1873-1876 AP

g
Copyright © 2002 Taylor & Francis 5 3
1042-6507/02 $12.00 + .00 e f:
DOI: 10.1080/10426500290092839 e 1

STUDIES ON SO,>” ION INCORPORATION INTO
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Calcium sulphate-apatites were synthesised by precipitation from aque-
ous solutions with different fluorine content and analyzed by chemi-
cal, x-ray diffraction (XRD), Raman, and Fourier transform infrared
(FTIR) analyses. Their thermal stability was studied by differential
scanning calorimetry (TG/DSC) and high-temperature XRD. It was es-
tablished that the introduction of SO~ into apatite structure and the
thermal changes depend on the fluorine content in the apatite structure.
At temperatures above 600°C the structure of apatite reorganizes and
CaSOy forms a separate phase.

Keywords: Apatite; fluorine; substituted; sulfate; thermal stability

Apatite (Ap) is known as a mineral in the structure of which different
substitutions can occur. Replacement of PO,%" ions with SO,% ions
has been found in the structure of natural Aps. The main goal of this
work was to study the introduction of SO4>~ ions into Ap structure on
precipitation and the thermal stability of such Aps.

The Aps were synthesized by precipitation from aqueous solutions
with a constant S:P ratio and different fluorine content at pH 9-10
and T =80°C.! The products were characterized by chemical, x-ray
diffraction (XRD), Raman, and Fourier transform infrared (FTIR)
methods. The thermal stability was studied by differential scanning
calorimetry (TG/DSC) and high-temperature XRD.

The authors thank M. Einard for performing the chemical analyses, F. Villain for
Raman spectroscopy analysis, and Dr. M. Gruselle for initiation of the cooperation. The
study was supported by grant 4299 of the Estonian Scientific Foundation.
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TABLE I Chemical Composition of Sulfoapatites

Sample Formula mol CaFg/mol Ap
AS1 Cag 34 0.66(P04)4.79(504)1.04(CO3)0.16(0H)1.78F0 22 —

AS2 Cag 64 0.36(PO4)5.30(504)0.62(CO3)0.07(OH)1.62F0.38 0.07

AS3 Cag 70 0.30(P04)5.40(504)0.49(CO3)0.11(0OH)1 04 F0 96 0.02
AS3,5 Cag 61 0.39(PO4)5.22(504)0.67C03)0.11(OH)1.01F0.99 0.24
AS3,75  Cag 43 0.57(PO4)4.85(504)0.91(CO3)0.25(0H) 79F1 .21 0.51

AS4 Cag 35 0.65(P04)4.72(504)1.08(CO3)0.21(OH)g 69 F1.31 0.29
ASC1 Cag 01 0.99(PO4)4.02(804)0.51(CO3)1.47(0H)1 27F0 73 1.04
ASC2 Cag 09 0.91(PO4)4.19(504)0.89(CO3)0.902(OH)g.72F1.28 0.78

All synthesized samples had the apatitic structure. The formulas
of the Aps, derived from the results of chemical analyses, are given
in Table I. The samples with fluorine contain a certain amount of
CaF,. The lowest amount of SO,>~ ions incorporated into Ap structure
(0.49 mol/mol Ap) was found at F~ content 0.96 mol/mol Ap, and the
highest amount (1.04-1.08) was established in hydroxyapatite (AS1)
and fluorapatite (AS4). Simultaneous incorporation of COs~ ion is also
possible and depends on its content in the solution.

The incorporation of SO4>~ ions into Ap structure increases the unit
cell parameter a by about 0.15 A in the case of HAp. The increase in a
is less marked in fluorine containing Aps.

The thermal analysis (Figure 1) revealed that reorganization of the
sulfate-Aps structure takes place almost at the same temperatures as
that of carbonate-Aps, at 650-830°C. A sharp exothermic peak appears
at 824°C if (F) > 0.7 mol/mol Ap in a sample, and is shifted to lower
temperatures with an increase in fluorine content. An endothermic
effect at 920-940°C is a result of CaS0O4—CaF'y fusion.

Heat flow, uV
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FIGURE 1 DSC curves of sulfate-apatites (heating rate 10 deg min~! in air
flow 30 ml min~1).



11:52 28 January 2011

Downl oaded At:

Studies on 8042_ Incorporation 1875

Transmittance

800 600 400

Wavenumber, cm™

FIGURE 2 FTIR spectra of sample AS1.

In the IR and Raman spectra (Figures 2 and 3), peaks charac-
teristic of SO42~ ion in hexagonal structure vy = 648 (IR) and v; =
1007 cm~! (R) were found.?? As a result of thermal changes, the vy
peak of SOy in orthorhombic CaSO, appears at 680 cm~! in IR spectra
and the v; peak appears at 1018 cm~! in Raman spectra. The high-
temperature XRD analysis of sample AS4 confirmed the formation of
CaSO, at temperatures above 700°C. As a result of calcination, the pa-
rameter a of the unit cell of the fluorine-rich Aps decreases and presents
at 1000°C almost the value of the FAp one (a = 9.373 A). Some S0,%
ions remain in the HAp structure also at 1000°C.

The introduction of SO42~ ions into the Ap structure depends on the
fluorine and carbonate content in the solution. The FAp structure has a
stricter atomic arrangement and the substitutes are displaced at lower
temperatures than from HAp.
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FIGURE 3 Raman spectra of sample AS4.
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