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The lanthanum-containing oxyapatite, Cayy_,La,(PO)sO1+n0 12, treated in a CO, atmosphere at
950°C can be partially carbonated if x < 2; it remains uncarbonated when x = 2. The general formula of

the carbonated apatites is Cajy_,La,(PO4)¢0,(CO3)- i

O = x = 2. The number of La** and O?-

ions on the one hand and the number of CO3™ ions and vacancies on the other hand are equal; each 0>~

ion is joined to a close La* ion, and each CO}” ion is next to a vacancy.

Introduction

In the calcium phosphate hydroxyapa-
tite, Ca;o(PO4)s(OH),, OH" ions are located
in a channel formed by six calcium ions.
CO?™ ions can substitute for OH™ ions: this
apatite is called A-type carbonated apatite
(I). Two anionic sites per unit cell are lo-
cated in the channel. In calcium phosphate
apatites, the total charge for these anionic
sites equals two. Increasing the positive to-
tal charge in the cationic sites allows us to
increase the negative total charge in the
channel at the same time. So, for example,
it is possible to prepare rare earth-contain-
ing dioxyapatite Cagln,(PO4)s0,, where Ln
is a trivalent rare earth (Ln = La, Pr, Nd,
Sm, Eu, Gd, Tb) (2, 3). Consequently, it
would be possible to imagine the introduc-
tion of two CO3~ ions in apatites containing
two rare earth elements. Nevertheless, a
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systematical study has shown (4) that the
introduction of CO3}™ ions in these dioxy-
apatites was unsuccessful.

This result prompted us to undertake a
more accurate study of the carbonation of
rare earth-containing apatite. For this, we
used apatites which contained variable
amounts of rare earth (0 to 2 per unit cell).

Among all the rare earths, lanthanum has
the largest ionic radius (La** = 1.17 A)and
this could facilitate the introduction of a
large ion such as COj™ (CO3™ = 1.85 A).

Materials and Methods

Pure and well-characterized oxyapatites
containing lanthanum were first synthe-
sized with the general formuia (3)

Cajo-,La,(PO4)sO1+xn01-x1

The carbonation treatment of these oxy-

O<x=2.
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apatites consisted in heating these samples
at 950°C under a 1-100 bar pressure, in an
atmosphere of pure and dried CO,. Re-
peated treatments were needed to obtain a
maximal carbonation.

The samples were studied by X-ray dif-

fraction and infrared spectrometry. The
CO3%~ content was determined by thermo-
gravimetric analysis at 1200°C.

Results and Discussion

A pressure increase does not favor the
carbonation: so, only the results obtained at
normal pressure will be described.

X-ray diffraction shows that all the sam-
ples formed are single phase. All the ob-
served X-ray diffraction lines can be in-
dexed in the hexagonal system. Lattice
parameter variations are plotted on Fig. 1.
The lattice parameters of apatite containing
two lanthanum ions (La/(La + Ca) = 0, 2)
remain unchanged after treatment: in this
case, the carbonation treatment does not
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F16. 1. Variations of lattice parameters versus
La/(La + Ca) atomic ratio. —, oxyapatites; -, car-
bonated apatites.
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TABLE 1

POSITIONS AND ASSIGNMENT OF IN-
FRARED BANDS IN CARBONATED La-
CONTAINING APATITE

Position (cm™) Assignment
960 v, PO}~
450 v, PO

1100
1050 v, POI"
1015
600
v, PO}~
575
1540 v, CO¥
1465
875 v, CO¥
545 La-O

occur! For a given atomic ratio La/(La +
Ca), the increase of the average ionic radius
of the ions in the channel, changing from
02 to CO}™ (rd™ = 1.22 A, rko; = 1.85 A),
induces an increase of a and a decrease of
¢, in agreement with the well-known varia-
tion of the lattice constants in the apatitic
structure (5). The smaller the CO3™ content,
the smaller the variation between oxy- and
carbonated apatite.

The positions and the assignments of the
different infrared bands are reported in Ta-
ble 1. In addition to the well-known PO;~
bands, other ones appear. The two bands in
the 1400-1600 cm~! range and the small one
at 875 cm~! are characteristic of CO3™ ions
in the channel of an A-type carbonated apa-
tite. Another small band appears in all the
samples at 545 cm~!. This band which also
exists in the untreated oxyapatite is as-
cribed to a La—-O interaction. The fact that
this La—O interaction remains after carbon-
ation shows that the substitution of CO3~
for O?~ is incomplete.

Heating the carbonated apatite in air at
1100°C induces changes: CO3}™ infrared
bands disappear and lattice parameters be-
come equal to those of the initial oxy-
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TABLE II
CARBONATE AMOUNTS IN CARBONATED APATITE

La/(La + Ca) Atomic ratio 0.05 0.10 0.15 0.20
Weight loss (%) 3.01 2.08 1.25 0
CO3™ ion number observed 0.75 0.55 0.35 0
CO?™ ion number theoreti-  1.25 1.50 1.75 2

cal; if complete carbon-
ation

apatite. Results of CO3™ analysis by TGA
are summarized in Table 1I.

The theoretical and experimental values
appear to be different; largest deviation of
expected CO;™ content occurs for x = 2 in
Cam_xLax(PO4)601+x/2D1_m: in this case,
one predicts the introduction of two CO3~
ions; however, the experiments show no
substitution.

Taking into account the general formula
of the oxyapatites, the amount of CO3~ ions
per unit cell, and the charge balance, the
following formulas of lanthanum-containing
carbonated apatite can be proposed:

=90 Calo(PO4)6CO3|:]

= 0.5 Cagslags(PO4)sOp 52(CO3)o.7300.75
= 1.0 CaggLa; o(PO4)¢00.97(CO3)p.53g.50
1.5 CagsLa; s(PO4)sO;.41(COs)p.34000 25
=20 Cag,()Laz_()(PO‘t)st

An examination of the carbonated apatite
formulas show that on the one hand the
number of CO%™ ions per unit cell equals the
number of vacancies, and on the other hand
the number of O?  ions in the channel
equals that of the La3* ions. These observa-
tions must be correlated with the presence
of the infrared band at 545 cm™! after car-
bonation. This band can be assigned to the
La-O interaction.

Previous work on rare earth (Ln*")-
containing oxyapatites have shown that
Ln?* ions are exclusively located around
the channel in the cation 1I sites (6, 7). That
position allows the formation of a strong
bond between Ln3* and O?~ ions and ex-
plains the infrared band at 545 cm~!. The
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facts that this infrared band remains in the
carbonated phase and that La3* and O%-
ions are in equal number in the carbonated
apatites clearly prove that the O% ions,
close to the L.a** ions, do not react to form
CO3~. The only O? ions able to react are
those which are distant and unbonded with
La’* ions.

Consequently, CO%™ ions and vacancies
are in equal number in the channel: each
CO?™ is connected with one vacancy; tak-
ing into account the large size of the CO3~
ion, it is likely that each CO3™ ion is located
in a site next to a vacancy, which allows us
to minimize the distortion of the structure.

In the apatite which contains two lan-
thanum ions and more generally in the apa-
tites which contain two rare earth (Ln3")
ions (i) no vacancy exists in the channel and
(ii) each O%~ ion is joined to a Ln" ion: this
explains the unsuccessful carbonation
treatment of Ln-containing dioxyapatite.

Conclusion

A-type-carbonated apatites containing
lanthanum can be obtained by a thermal
treatment of oxyapatites at 950°C in a CO,
atmosphere:

A general formula of these compounds
can be proposed:

Cajg-,La(PO4)sO0:(COs); -1~

In such a formula, the numbers of La3* and
0% ions are equal, and the number of CO}~
ions equals the number of vacancies. The
carbonation is limited both by the fact that
the O~ ions bonded with the La** ions do
not react and by the amount of vacancy.
When the amount of La3* jons increases,
the amount of O?” ions increases and the
vacancy number decreases. Hence the in-
troduction of an A-type carbonate ion into a
dioxyapatite containing two La3* ions, and
more generally into a dioxyapatite contain-
ing two trivalent rare earth ions, is unsuc-
cessful.
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