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Hydroxylapatites are important biomaterials.
Substitutions of Pb for Ca and As for P in hydrox-
ylapatites are recently intensively studied due to
their significance in the environmental immobi-
lization of Pb and As (Lee et al. 2009, Chlebowska
et al. 2015, Motyka et al. 2015). The general chem-
ical formula of minerals in the apatite group is ex-
pressed by A,(XO,),Z, where A are bivalent cati-
ons (e.g., Ca*" or Pb*, cations are distributed on
two distinct crystallographic sites), XO, is a triva-
lent oxyanion (e.g., PO,’", AsO,’"), and Z is a mon-
ovalent anion (OH, F, Cl, or O). Positions Z and
X may be partly filled with carbonate CO,*". The
structure of hydroxylapatite allows for unlimited
substitutions of Pb** for Ca** and AsO,’ for PO,

The ability of lead and arsenic apatites to im-
mobilize these toxic elements result from their
high durability and low solubility at the condi-
tions on the Earth surface. Various apatites pos-
sess different thermodynamic properties includ-
ing different solubility in aqueous solutions but
the systematic variation of these properties in sol-
id solution series is poorly understood.

The main objective of this research is determi-
nation of systematic variation in the solubilities of
hydroxylapatites resulting from cationic substitu-
tions of Pb** for Ca’" and anionic substitutions of
AsO,” for PO,” in their structure.

Three solid solution series were synthesized:

— HPY hydroxypyromorphite Pb,(PO,),OH -

HAP hydroxyapatite Ca,(PO,),OH,

— HMi hydroxymimetite Pb,(AsO,),OH - JBM
johnbaumite Ca,(AsO,),OH,

— HAP hydroxyapatite Ca,(PO,),OH - JBM john-
baumite Ca,(AsO,),OH.

The phases were synthesized from aqueous
solutions at high pH above 8, at ambient tempera-
ture, by dropwise mixing of chemical reagents.
The products are white, fine, homogeneous crys-
talline powders. Chemical composition deter-
mined by SEM/EDS is close to theoretical. X-ray
diffraction confirms their crystalline structure
and systematic changes in unit cell parameters
with ionic substitution. Dissolution experiments
were run in thermostatic bath at 25°C. An ali-
quot of 0.5 g of apatite was dissolved in 250 mL of
0.05M NH,NO, background solution at pH in the
range of 3.5-5.0. Background solution was used
to keep the ionic strength constant. The disso-
lution was carried out for 3 months. The bottles
were manually stirred at least two times a week.
The solution was syringe-sampled periodically
and filtered through 0.2 um polycarbonate filter
to remove the suspended solids. The concentra-
tion of Pb and Ca was determined by atomic ab-
sorption spectroscopy. The concentration of dis-
solved phosphates and arsenates was determined
by UV-vis colorimetry using a molybdenum blue
method. The plateau on concentration evolution
patterns from the dissolution experiments was
observed to determine equilibrium in the suspen-
sions.

Dissolution of all the phases at the conditions
of these experiments is incongruent. An increase
in solution pH resulting from dissolution was ob-
served in all cases. The system was considered in
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equilibrium when at least three consecutive sam-
ples showed identical concentration of Ca* or
AsO;". The equilibrium in HPY series was as-
sumed by analogy. All the concentrations were
recalculated to activities using PHREEQC mod-
el with Llnl database. The solubility K, deter-
mined for the endmembers at 25°C conform with
the literature data and equal to: HPY-K_= 107",
HAP-K = 10%%, HMi-K = 107", and JBM
K,,=107"". This confirms that, despite the incon-
gruence of dissolution, the experimental proce-
dure and the calculation scheme provide reliable
approximation of the solubilities. The most soluble
phase is johnbaumite Ca (AsO,),OH. The solubil-
ity of all hydroxylapatites decreases linearly with
the increase of Pb and P content. These trends do
not correlate with the changes in Gibbs free en-
ergy of formation of the phases in question. This
indicates that structural (e.g. the size of the ions)
and the chemical factors (e.g. electronegativity)

play the dominant role in the solubility of substi-
tuted hydroxylapatites.
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