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BINDING OF SO; BY SYNTHETIC SUBSTITUTED
APATITES
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Abstract

The reaction of SO, with synthetic apatites was studied by TG, XRD and IR analyses at 400
1000°C. Due (o an interaction of apatite with §O,, destruction of apatite and formation of CaSO,
and diphosphate up to 750°C takes place. The further calcination leads to the formation of B-
Cuy(POy); and a part ol the SO, bound is lost again. The mmnuunt of 8Os bouud with apatite at cal-
cination depends on the substitutions (F™ < » OH™, PO}™ «» COT, Ca® «» Mg™) in its structure.
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Introduction

Calcination ol phosphate rocks has been suggested for enrichment of the ore.
During calcination of phosphate rocks sulphur containing admixtures (pyrite, or-
ganic matter ete.) decompose and gaseous sulphur and sulphur oxides evolve beside
the decomposition of the accompanying carbonates (calcite, dolomite) [, 2.

The main mincral of phosphate rocks — apalitc (Ap) with a gencral formula
Ca ol POy)oF, — may have several substitutions in the stenetire. The most common
substitutions in the natural Aps arc ]\/[g“Jr and Na* for Ca™", CO; for PO and OH"
for F7{3]. The reactivity of Ap depends on the substitutions in its structure. The main
substituents that make the structurc weaker are carbonate and magnesium. Fluorine,
on the contrary, increases the stability of the structure and decreases the reactivity of
Ap [3]. Formation of sulphate as well as sulphide-containing Aps was established by
synthesis [3-6]. The sulphide in the Ap structure oxidises at 6(0-700°C and forma-
tion of Ca; ¢l PO4)sS Oy takes place. The sulphate-substituted Ap is also very unstable
and decomposes above 700°C [S]. Interactions of Estonian phosphorites with the
products of thermal decomposition of pyrite have been studied and introduction of
sulphur into the Ap structure was assumed [7].

The aim of our study was to examine the influcnce of Mg**, CO3™ and F subsli-
tutions in the apatite structure on the binding of sulphur dioxide with apatite on caicina-
tion.

Materials
The Aps were synthesized by the wet method deseribed in [8] and identified by

IR and XRD analyses as B-type carbonateapatites (CO3™ substituted for PO, The
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chemical composition of the samples can be expressed with the formulas given in
Table 1. The Aps differ in the substitution in the cation site as well as in CO3/PO,4 and
+ F/OH mole ratio.

Thermal transformations in the precipitated Aps werc studied by FTIR-TG and
thermogaschromatography analysis [8, 9]. H;0O is released stepwise below 550°C.
The amount of CO; lost below 500°C is about 0.5% from the Ap mass. The tempera
ture of CO; evolvement above 500°C depends strongly on the content of Mg** and
CO3%™ in the sample. The characteristic temperatures of the cvolvement of H,O and

. of the main amount of CO; are given in Table 1.
As a source of sulphur oxide, SnS0Qy and Fey(S0,);0f analytical grade were used.
Decomposition of the sulphates occurs by the following reactions:

SnS04) = SN0y, + SOy, at 400-500°C in He, at 400-640°C in air. (1)
FCZ(SO4)3(S) — F6203(s) + SOZ(g)+ l/zOz(g) at 600-750°C (2)

Experiment

The TG method used in the study of sulphur dioxide binding with an internal
source of 8O, was described in [10]. Three runs under the same conditions were per-
formed: |. apatite alone; 2. sulphate alone and 3. the two together. The amount of
S0, bound is described approximately by curve 4 (Am) that exhibits the difference
between the summarised mass loss of’ Ap and sulphate (1+2, respectively, to their
mass ratios in the mixlure) and the rcal mass loss from the third run (Fig. 1).

As at temperatures above 650°C SO} is compietely oxidized to SO} in air by the
reaction (3), the calculations are performed with a presumption that SO; was bound.

30
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Fig. 1 Thermogravimetric curves: | — apatitc EM1; 2 — SnS80, in air; 3 — Sn80, + (Al,0,) +
EMI in layers in air; 142 - calculated curve (decomposition without interaction);
4 — Am - calculated difference in masses of curves 3 and 142
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CHSO;(S) + 1/202(5) - CE]SO4(5) (3)

The experiments were carried out with MOM (Hungary) and SETARAM
(France) equipment al a heating rate of 5 deg min™ in an air and He atmosphere. The
mass ratic of the materials was ~56 mg of SO, evolved from sulphate per 100 mg of
Ap (100 or 15 mg of Ap. respectively, on equipment).

IR spectra were obtained on a Car! Zciss Jena IR 75 Spectrometer using the KBr
pellets.

X-ray diffraction analysis was carried out with a DRON-4 Dilfractometer using
CuK,, radiation at 40 kV, 20 mA. The samples were scanned in the range of §-60°
with a step size 0.04°.

Results and discussion
Thermal analvsis

The curves of the mass ¢change (Am) show that an increase in Am begins with the
heginning ol decomposition of sutphate (Figs | and 2). In the experiments with
SnSO4 the mass loss of CaAps (C1, C4) is higher than of Ap alone in the lemperature
range 380-450°C. From the precipitated apatites waler evolves at temperatures up to
450-550°C (Table 1}. Therefore, an assumption could be made that volatilization of
waler is accelerated as a resull of interaction of Ap with SO, From 430°C up 1o the
end of decomposition of SnS0O, (~650°C) Am increascs. The increase in the mass is
higher in the air than in the He atmosphere as a result of oxidation of sulphites
(Fig. 1}, After 650°C slow mass loss begins, the course of which depends on the
composition of the apatite.

In the experiments with Fea(SO04)3 (Fig. 1) Am has the maximum value at 720—
730°C. By the data of IR analysis evolvement ol CO; under the effect of SO was ac-
celerated and oceurs at lower temperatures. Therelore, the calculated amounts of the
SOy bound are not exact. However, since the amount of CO, constitutes about 10%
from the mass inerease in the experiments with CaAps, and 20% on an average with
Mg substituted Aps, the caleulated amounts of the SO, bound could be used for car-
aclerization of apatites.

The amount vl 8OQy bound by an Ap at 400-6007C is smabler than the amount
bound at 600-700°C, and reaching from 15.8 to 27.7 g per 100 g Ap at 750° and
from 4.0 to 12.7 g at 1000°C (Table 2), depending on the sample. The degree ol the
S50; bound decredses with au increase in the MMuorine contene and increases with an
increase in the carbonate content in the Ap structure at 750°C. At 1000°C fluorine
has no remarkable effect on the amount of the SO, bound but the latter increases
with anincrease in the CO/PO,4 mote ratio in CaAp.

Mg substitution in the structure of Ap accelerates the sorption of SOa up 1o 750°C
and its evolvement at higher temperatures similarly to the results obtained in the cx-
periments with doluomite [117. Pramodon of the evolvement of SO» at lower win-
peratures could be a result of decomposition of MgSQ, above 800-850°C, as the de-
composition of CaSOy begins ahove 1200°C.

. Therm. Anal, Cal., 56, 1999
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Fig. 2 TG and Am curves for the samples C1 and C4 from the experiments with SnSO;

The number of §O3 moles bound exceeds the number of CO; moles in the Ap
structure (Table 2). As a result of SO, binding and sulphate formation in the system,
a part of the Ca®* ions are lost from the phosphate. Therefore, in the samples with a
low fluorine content (F/OH<0.8) the calculated mole ratio Cal/P decreases to less
than 1.5 at temperatures up to 750°C. In.Cas(POy); the mole ratio of Ca/P=1.5, there-
fore formation of condensed phosphates is possible. Due o the partial loss of the
bound SO, on calcination up to 1000°C, the value of the Caut/P ratio is restored up to
1.59-1.69, but it remains lower than the value in stoichiometric Ap - 1.67. The latter
indicates the possibility of formation of Cay(PQy),.

IR spectroscopy

In the spectra.of HCAp after sorption of SO, at 400-600°C in air and calcination
up to 650 and 750°C all the bands characteristic of carbonate Ap are retained [{3]. Be-
sides, weak bands at 635 and 670 cm™ are observed, and the strong peak at 1000
1100 cm™ is wider than the Ap peak is (Fig. 3a). The v, mode bands in the interval
500-400 em ™! are shifted and stronger. Thesc changes in the spectra could be caused
by the v; and v, vibrations of SO2~ group bound to Ca {12] and the disordering of the
Ap struciure. The spacira of the samples used for sorption of SO, at 600-700°C and
calcined up to 750°C differ in that the CO3™ bands at 1400-1500 cm™' are absent and
the bands characteristic for B-Ca,P;07 at 930-1010, 720 and 530 cm™! appear. At the
saime time the soi' bands are also more intensive (Fig. 3a).

In the spectra of the sampies calcined up to 1000°C the bands of HCAp disappeared
(Fig. 3b). The peaks of SO2™ and B-Ca3(POy); (at 980-1100 and 545-605 cm™") are
ubserved, though the relative intensities of O3~ bands arc decreased.

The changes in the spectra of HFCAp at sorption of SO, and calcination arc
analogous to the changes described above. Whereas fluorine makes apaltite structure
more resistant, the quantity of SO; bound is lower {Table 2) and, accordingly, the
bands of SO;~ and P,07" are weaker. Existence of FAp at 1000°C is also observed.

J. Therm, Anal. Cal., 56, 1999
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Fig. 3 IR spectra of sample CI caleined up to given temperature: * — SC, bound at 400-600°C;
** — 80, bound at 600-700°C

XRD analysis

In the samples calcined up to 750°C, after SO, hinding, inherence of CaS0,,
diphosphate (CasP,04 or CaMgP;04) and HFAp or traces of HAp are identificd. In
the spectra of the samples calcined up to 1000°C the peaks of diphosphate and HAp
disappear and the peaks of B-Cuy(PQY); [(Ca,Mg)y(POL); with Mg substituied Aps]
appear. Substitution of SO3 ions into the Ap structure in the mixture of phases was
not established.

Conclusions

Due ta an interaction of apatite with $O,, destruction of apatite. primarily of
HCAps, and formation of CaSO, and diphosphate up to 750°C take place. The fur-
ther caleination leads to reaction between diphosphate and CaSQOy and to the forma-
tion of B-Caz(PO.)s (of (CaMg)i(PO), with Mg substituted Aps) and a part of the
SOs bound is lost again.

The amount of SO bound with apatite at calcination depends on the substitntions
in its structure. The amount ol SO, bound is bigger when the content of Co¥ iy
higher and the content of F ions in the apatite structure is lower. The content of
SO3 ions remaining at 1000°C does not depend on the fluorine content, although it
is higher with a higher CO3 content in the apatite. The evolvement of SO, from mag-
nesium-substituted apatites proceeds more extensively.

¥k &
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