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This study is devoted to the synthesis of calcium-
deficient carbonated hydroxyapatite (d-CHA) and
the modeling study of its sorption capacity for
heavy metal ions on the example of Pb2+

, Cd2+ ions.
The synthesized d-CHA was characterized by TEM,
SEM, XRD, FTIR and BET methods. Sorption of heavy
metal ions was investigated in simulated interstitial
fluid at pH = 5.5 and pH = 7.4. It was found that the
synthesized carbonated hydroxyapatite is nano-
sized and has an excellent sorption capacity: for
Pb2+ ions – up to 1724 mg/g at pH = 5.5, 588 mg/g
at pH = 7.4; for Cd2+ ions – up to 114.9 mg/g at pH =
5.5, 193.2 mg/g at pH = 7.4. Based on the results of
chemical, chemical-physical examinations of solid
and liquid phases before and after sorption process,
it was concluded that the main sorption mechanism
of heavy metal ions on d-CHA is isomorphic
substitution of Ca2+ into heavy metal ions.

Abstract

The results of Transmission electron microscopy
(TEM) examination of the samples in hydrogel form
show that CHA particles appear as rod-like crystals
with a width of 10-20 nm and a length of 75-150
nm (Figure 1.a). The dried white powders of CHAP
are particles of 1-10 microns in size, which are
insoluble in alkalis and partially stable in weakly
acidic medium (Figure 1.b).

The specific surface area of the sample C1.50 is
about twice as high as that of the sample C1.67
(Table 1). The maximum sorption capacities of Pb2+

and Cd2+ on d-CHA are equal to 1724 mg/g (C1.50,
pH = 5.5) and 193.2 mg/g (C1.62, pH = 7.4),
respectively (Table 2). Those sorption capacities on
synthesized d-CHA are many times higher than that
on unmodified hydroxyapatite, whose sorption
capacities of Pb2+, Cd2+ are 320 mg Pb2+/g [8] and
66.7 mg Cd2+/g [9].

The sorption process on d-CHA is accompanied
by a decrease in amount of heavy metal ions and an
increase in amount of Ca2+ ions (Figure 3).

Introduction

In this work d-CHA samples were prepared by
wet method in accordance with the following
chemical equation:

(10-d)Са(OH)2 + (6-y)H3PO4 + y(NН4)2CO3 = 
Са10-d(HPO4)x(РО4)6-x-y,(CO3)x(ОН)2+x+y-2d.nH2O↓ + 

2yNH3↑ + (18-n-x-y)Н2О
where y = 1 (carbonate ~ 6%), and Ca/(P+C) were

chosen to be 1.50, 1.56, 1.62 and 1.67 (samples
were named C1.50, C1.56, C1.62, C1.67).

The obtained samples were characterized by
TEM, SEM, XRD, FTIR and BET methods.

To study the mechanisms of sorption of Pb2+,
Cd2+ ions on CHA, after the sorption experiments,
the remaining solid phase of the sample was
filtered, dried and qualitatively characterized by the
methods of XRD analysis and FTIR spectroscopy.

The presence of ions in the filtrate was
determined qualitatively and quantitatively using
chemical and chemical-physical methods.

Methods and Materials

It was revealed that after sorption of Pb2+ ions

on particles of carbonated hydroxyapatite, there

was formation of a new crystal phase of carbonated

hydroxypyromorphite, which has crystallochemical

formula and structure similar to those of

hydroxyapatite (space group P63/m). Meanwhile, on

the solid particles after Cd2+ sorption was not

observed appearance of a new phase.

Generally, FTIR spectrum of solid phase d-CHA 
before and after sorption of heavy metal ions have 
no significant differences (Figure 2).

From comparison of the data shown in Table 4

and Figure 6 it follows that in the sorption process

of heavy metal ions on d-CHA the possible sorption

mechanism should be izomorphic institution of Ca2+

into heavy metal ions.

Discussion

Nano-sized calcium-deficient carbonated
hydroxyapatite was synthesized using wet method.
A series of experiments were conducted to
determine the sorption capacity of the material for
heavy metal cations in simulated tissue± solution.
The sorption process was effectively described by
the Langmuir adsorption model. It was found that
the synthesized carbonated hydroxyapatite is nano-
sized and has an excellent sorption capacity: for
Pb2+ ions – up to 1724 mg/g at pH = 5.5, 588 mg/g
at pH = 7.4; for Cd2+ ions – up to 114.9 mg/g at pH
= 5.5, 193.2 mg/g at pH = 7.4.

XRD, FTIR examinations of the solid substance
and chemical-physical examinations of liquid phase
after heavy metal ions sorption showed the
sorption mechanism may be isomorphic institution.

Conclusions

Sample
Specific 

surface area, 
m2/g

Pore volume, 
сm3/g

Pore size, Ао

C1.50 184.3 0.41 87

C1.56 174.0 0.45 104

C1.62 164.0 0.44 108
C1.67 91.0 0.50 218

Nowadays, the problem of heavy metal
contamination is particularly important.
Compounds containing heavy metals are common
products of transportation and industrial emissions.
Lead ions are one of the most hazardous heavy
metal ions to human health because of its high rate
of anthropogenic accumulation. Migrating through
the food chain, Pb2+ and Cd2+ ions enter the body,
causing temporal or chronic poisoning, which leads
to serious violations of metabolic processes and
vital functions of the body [1, 2]. One of the most
dangerous consequences of the action of Pb2+ and
Cd2+ ions in the body is considered its ability to
replace calcium in bones, becoming a source of
constant poisoning for a long time [3].

In recent years, there is a rising interest in the
study of the sorption properties of hydroxyapatite
for the removal of heavy metals [4, 5, 6].

The authors assumed that hydroxyapatite with a
maximum similarity in chemical composition and
structure to biological apatite has optimum
sorption properties. Nowadays, it is known that
biological apatite can be considered calcium-
deficient carbonate-substituted hydroxyapatite (d-
CHA) with the molar ratio of Ca/(P+C) < 1.67 [7].

The aim of this work is to synthesis nano-sized
calcium-deficient carbonated hydroxyapatite, which
has the most similar structure and chemical
composition to that of natural bone, and to conduct
experiments on the sorption of heavy metal ions
onto the material on the example of Pb2+, Cd2+.

Results

Figure. 1. TEM and SEM images of d-CHA.

Table 1. Specific surface area, pore volume and pore size of 
d-CHAP samples by BET method.
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Figure 2. Absorption FTIR-spectrum of the samples C1.50 
before and after Cd2+ sorption 

Sample

Qo, mg/g

Citrate buffer pH = 7.4 Acetate buffer pH = 5.5

Pb2+ Cd2+ Pb2+ Cd2+

C1.50 588±24 172.9±8.6 1724±69 114.9±5.8

C1.56 526±21 166.5±8.2 1686±67 106.4±5.3

C1.62 500±20 193.2±9.7 1410±56 95.2±4.7

C1.67 476±19 48.5±2.4 422±17 89.3±4.5
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Figure 3. Relationship between the released amount Ca2+ ions 

and the sorbed amount of Pb2+, Cd2+ ions of samples d-CHA.

Table 2. Data on sorption of Pb2+ ions on CHA samples.


