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Abstract: Hydroxyapatite (HA)-tannin composites were obtained by precipitation using Ca(OH)2 as 
calcium precursor and (NH4)2HPO4 or H3PO4 as phosphate precursors, with tannin acting as a chelat-
ing agent. FT-IR  confirmed the presence of functional groups derived from tannin in the composite, 
and XRD showed trace amounts of calcium carbonate. The crystal sizes of HA and HA/tannin were 
15–27 nm and 10–29 nm, respectively. SEM showed agglomeration of HA and HA/tannin particles. The 
size distribution of HA particles was in the range of 0.1–0.2 µm (without tannin), and the size distribu-
tion of HA/tannin particles in the range of 0.1–0.4 µm. The obtained results confirmed the formation of 
strong bonds between tannin and HA.
Keywords: chelating agent, diammonium hydrogen phosphate, phosphoric acid, tannin.

Synteza i struktura kompozytów hydroksyapatyt/tanina 
Streszczenie: Metodą wytrącania otrzymano kompozyty hydroksyapatytu (HA) z taniną, stosując 
Ca(OH)2 jako prekursor wapnia i (NH4)2HPO4 lub H3PO4 jako prekursory fosforanu, przy czym tanina 
pełniła rolę środka chelatującego. Analiza FT-IR potwierdziła obecność w kompozycie grup funkcyj-
nych pochodzących z taniny, a analiza XRD wykazała śladowe ilości węglanu wapnia. Wielkość krysz-
tałów HA i HA/tanina wynosiła odpowiednio 15–27 nm i 10–29 nm. SEM wykazało aglomerację cząstek 
HA i HA/tanina. Rozkład wielkości cząstek HA mieścił się w przedziale 0,1–0,2 µm (bez taniny), a roz-
rzut wielkości cząstek HA/tanina w przedziale 0,1–0,4 µm. Uzyskane wyniki potwierdziły tworzenie 
się silnych wiązań między taniną a HA.
Słowa kluczowe: środek chelatujący, wodorofosforan diamonu, kwas fosforowy, tanina.

Hydroxyapatite (HA) is widely used in healthcare, espe-
cially in bone and tooth repair, as well as wound healing. 
HA plays a significant role in the development of biomedical 
and biomaterial sciences [1, 2]. The progress in the synthesis 
of biomaterials for bone and dental tissue aims to enhance 
cell growth, which in turn supports the functional life cycle 
in the case of tissue replacement [3]. One of the advantages 
of HA is its stability and durability as an implant material 

[4]. Currently, hydroxyapatite is used as a tissue additive or 
substitute. It is an inorganic biomaterial, a calcium phos-
phate compound, with a structure like human bones and 
teeth [5]. HA can be synthesized from inorganic materials 
such as phosphate solutions [6]. However, the chemicals 
used in this process have a negative impact on the environ-
ment, and the production costs are high [7, 8].

Hydroxyapatite (Ca10(PO4)6(OH)2) is the main mineral 
component of bone, consisting of calcium phosphate 
compounds. It is widely used as a biomaterial due to its 
biocompatibility, which supports cellular functions, and 
osteoconductive properties, which are key features of 
bioceramics [9]. Hydroxyapatite can be synthesized by 
mixing calcium and phosphate in a molar ratio of 1.67 
[10]. It can be produced from natural or chemical sources. 
Studies have been conducted on the synthesis of hydroxy-
apatite from natural materials such as eggshells, crab 
shells, mackerel bones, beef bones, and limestone from 
Bukit Tui in Padang Panjang, Indonesia [11–13].

Currently, the main application of synthetic hydroxyap-
atite is in contact with bone tissue and as a biocompatible 
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ceramic coating for bone implants in the human body [14, 15]. 
HA can be prepared by various methods, such as hydrother-
mal or microwave synthesis, co-precipitation, freezing, and 
ultrasonic irradiation [16, 17]. HA is most obtained by the 
precipitation method, due to its simplicity and availability 
of raw materials [18]. Different synthesis processes allow the 
production of HA with different particle sizes, shapes, and 
homogeneity [16, 19]. The precipitation method is performed 
by controlling the solubility of the material in the solution by 
changing the pH, temperature, or solvent.

Biopolymers are defined as polymers produced from 
biological sources, obtained from microorganisms, algae, 
or plants [20]. Cellulose and starch are considered the 
simplest biopolymers and are widely developed in the 
fields of medicine and food production. Biopolymers 
can be synthesized by chemical and physical methods, 
depending on the type of polymer. Animals can produce 
collagen, which is one of the structural proteins found in 
many hard tissues, especially bones (38%) and is a media-
tor of osteoblast cells [21]. Collagen is widely used as a bio-
material due to its biodegradable properties, biocompat-
ibility, ability to form scaffolds and pores, and accelerates 
the bone healing process [22]. For the above reasons, col-
lagen is used as bone implants. Hydroxyapatite has excel-
lent biocompatibility, immunogenicity and is non-toxic to 
the human body [23]. Despite many advantages, HA has 
poor mechanical properties. To obtain a composite with 
excellent mechanical properties, polymers are used in the 
production process. Hydroxyapatite nanotubes were syn-
thesized using Moringa oleifera flower extract by micro-
wave-assisted method [18]. Meanwhile, Sundararajan et 
al. [24] described the synthesis of hydroxyapatite nano-
platelets using Moringa oleifera flower extract. In both 
works, tannin from Moringa oleifera flower extract was 
used as a polymer. These tannins have molecular formula 
C76H52O46 and are polyphenolic compounds that have 
chelating properties due to phenolic and hydroxyl groups 
in their structure [24]. The study [25] presents a method 
for the synthesis of HA using a novel ultrasonic excipi-
ent, showing that increasing the ultrasonic irradiation 
time reduces both the crystallinity and the size of HA 
nanoparticles. The synthesis of hydroxyapatite using tan-
nins as a chelating agent is an interesting research topic 
in the field of biomaterials and biomedicine. Tannins, as 
natural polyphenolic compounds, can be extracted from 
various plants and can bind with phosphate ions in solu-
tions to help control the formation and size of hydroxyap-
atite crystals [26]. Tannins concentration, reagents ratio, 
solution pH, temperature and reaction time affect the 
physicochemical properties and structure of HA.

Therefore, in this work, the use of tannin as chelat-
ing agent for the synthesis of hydroxyapatite by precipi-
tation was studied. HA was synthesized from Ca(OH)2, 
and phosphoric precursors such as H3PO4 and diammo-
nium hydrogen phosphate (NH4)2HPO4. FT-IR, XRD and 
SEM were used to characterize HA. The hardness was 
also determined.

EXPERIMENTAL PART

Materials

Tannic acid (C76H52O46, molecular weight – 
1701.20 g/mol), calcium hydroxide [Ca(OH)2, molecular 
weight – 74.09 g/mol], diammonium hydrogen phosphate 
[(NH4)2HPO4, molecular weight – 132.06 g/mol], phos-
phoric acid 85% (H3PO4, density – 1.71 g/mL), sodium 
hydroxide (NaOH, molecular weight – 40 g/mol) and 
deionized water were purchased from Merck (Darmstadt, 
Germany).

Synthesis of hydroxyapatite

The hydroxyapatites were prepared using two precur-
sors, H3PO4 and (NH4)2HPO4 with and without tannins. 
A 250 mL of 1 M Ca(OH)2 was stirred for 10 min using 
a magnetic stirrer. Then, a 250 mL of 0.6 M precursor 
solution was added with 0.8 M NaOH to achieve 12 pH. 
Then, the stirring continued for 1 h. The samples were 
then left for 24 h at room temperature. After this time, 
the hydroxyapatite obtained was filtered using filter 
paper. The residue was dried in an oven at 400°C (with 
tannin) and 800°C (without tannin) for 5 h. The dried 
residue was weighed and characterized using appropri-
ate methods.

Methods

Basic organoleptic analysis was performed, and the 
color and odor of hydroxyapatite were assessed.

Fourier infrared spectroscopy (FT-IR) (Perkin Elmer, 
model Spotlights 400, Waltham, MA, US) was used 
to analyze the chemical structure. The spectra were 
recorded using at least 50 scans with 2 cm-1 resolution, 
in the spectral range of 4000–400 cm-1, using KBr pel-
lets technique. X-ray diffraction (XRD) measurements 
were performed on Panalytical X’PERT Pro (Phillips) 
diffractometer (The Netherlands) using CuKα radia-
tion (λ = 1.54 Å) with 40 kV and 30 mA. The structure 
was determined using a Hitachi TM3000® (Tokyo, Japan) 
scanning electron microscope (SEM). Other equipment 
used in this study included an analytical balance (Ohaus® 
USA), magnetic stirrers (IKA® C-MAG HS7) Japan, a fur-
nace (Binder®) India, an electric tablet press Maksindo 
type MKS-TBL-55, tablet hardness tester model EH-01P 
(Electrolab, USA) with hardness range up to 500 N, and 
an L-301 XSZ-107BN ocular microscope. 

RESULTS AND DISCUSSION

Organoleptic analysis 

In this study, two different synthesis methods were 
used, namely the synthesis of pure hydroxyapatite (HA) 
and hydroxyapatite with added tannin (HA/tannin). 
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The results showed differences in color and odor. Pure 
hydroxyapatite is white, while hydroxyapatite with tan-
nins is brownish white. This color difference is caused 
by the interaction between hydroxyapatite and tan-
nins, which leads to the formation of new compounds or 
a change in the crystal structure of hydroxyapatite. The 
white color indicates purity and cleanliness, while the 
brown color may indicate the presence of impurities or 
additional chemical reactions. Pure hydroxyapatite has 
no significant odor, whereas HA/tannin has a slightly 
pungent odor. The odor that appears in hydroxyapatite 
with added tannins is due to the chemical nature of the 
tannins themselves or a chemical reaction between the 
tannins and the hydroxyapatite components. Tannins 
naturally have a strong, characteristic aroma. Adding 
tannins to hydroxyapatite can affect its odor.

FT-IR analysis

FT-IR analysis was performed to identify the func-
tional groups of HA/tannin including OH, PO4

3-, C-H, 
C=C and CO3

2- in the range of 4000–400 cm-1 [27]. The 
samples were ground into powder to facilitate FT-IR anal-
ysis. Figures 1 and 2 show HA/tannin structure obtained 
using different precursors, and Figures 3 and 4 the FT-IR 
spectra. FT-IR can provide valuable information about 
the chemical characteristics of HA, including composi-

tion, purity, presence of impurities, and interactions with 
tannin additives.

The FT-IR spectrum of HA displays the characteristic 
peak related to phosphate bond vibrations (500–600 cm-1),  
phosphate and carbonate bonds (1000–1100 cm-1), hydroxyl 
(OH-) groups (1600–1700 cm-1), and free or bound hydroxyl 
(OH-) groups (3400–3600 cm-1) [27]. The presence of car-
bonate in HA may affect its physicochemical properties 
and biocompatibility. The absorption of hydroxyl groups 
can provide information about the purity and stability of 
HA. In contrast, HA/tannin spectra show a displacement 
in several peaks. The peak at 3361 cm-1 shifted to 3225 cm-1, 
1643 cm-1 to 1647 cm-1, 1421 cm-1 to 1424 cm-1, and 1026 cm-1 
to 1016 cm-1. The carbonyl groups (C=O) in tannin were 
difficult to distinguish due to their involvement in strong 
interactions or complexation with HA and it overlapped 
with other peaks in the spectrum. This causes the car-
bonyl peak to shift or become less prominent. 

The presence of OH- and PO43- functional groups in 
HA/tannin spectra (Figs. 3b and 4b) indicated the for-
mation of hydroxyapatite [28]. Based on Sigma-Aldrich 
literature on IR spectrum analysis, the C-H functional 
group with vibrational bending occurs in the wave-
number range of 2000–1650 cm-1. The peaks, related to 
C=C stretching vibrations, are located at wavenumbers 
1647 cm-1, 1644 cm-1, and 1643 cm-1, it is an aromatic ring 
group in the range of 1670–1620 cm-1 [27]. 

Fig. 1. Hydroxyapatite/tannin structure using H3PO4 precursor Fig. 2. Hydroxyapatite/tannin structure using (NH4)2HPO4 pre-
cursor

Tannin

Hidroxyapatite-tannin Hidroxyapatite-tannin

Ca-tannin complex Tannin Ca-tannin complex

H3PO4

Ca(OH)2 Ca(OH)2

(NH4)2HPO4



POLIMERY 2024, 69, nr 9 487

Fig. 4. FT-IR spectra of HA with (NH4)2HPO4 as a precursor: a) pure HA, b) HA/tannin

Fig. 3. FT-IR spectra of HA with H3PO4 as a precursor: a) pure HA, b) HA/tannin

The change in bond energy causes a shift in the wave-
number, the increase in energy, and a stronger bond 
between HA and species, particularly tannin. In addi-
tion, the presence of functional groups O-H, C=C aro-
matic and C-H, which indicate the functional groups of 
tannin compounds, confirms that tannin functioned as 
chelating agent due to phenolic effects (Fig. 1 and Fig. 3). 

Furthermore, tannins can form strong bonds with 
HAs, which confirm bond changes and the presence of 
functional groups corresponding to tannin compounds.

This finding has important implications for the appli-
cation of tannin as a chelating agent or other related 
materials because it can improve the physicochemi-
cal properties and performance of the material. Several 
previous studies have revealed relevant results regard-
ing peak shifts in FT-IR spectra and the role of tannins 
as chelating agents. Research conducted by [29] shows 
that HA has two peaks at 3225 and 3058 cm-1 associated 
with the presence of hydroxyl (OH−). Research from [17] 
also reported a shift in the FT-IR spectra at wavenumber 
3570 cm-1 associated with the presence of hydroxyl (OH−). 

Phosphate bands were appreciated at 1092 to 1040 cm-1, 
962 cm-1, 633–566 cm-1 and 473 cm-1, respectively.

XRD analysis 

XRD analysis was performed to determine the crys-
tal structure and size of crystals. The analysis revealed 
the formation of two compounds: calcium carbonate and 
hydroxyapatite. The results were compared to 20 posi-
tions in the diffractogram with data from the Inorganic 
Crystal Structure Database (ICSD). ICSD No. 01-072-1243 
confirmed the presence of hydroxyapatite, while ICSD 
Nos. 01-085-1108 and 01-078-3262 indicated the presence 
of calcium carbonate.

The samples, compared with the standard Hydroxyapatite-
Tannin Inorganic Crystal Structure Database (ICSD) entries 
No. 01-074-0566 and No. 01-072-1243, indicate the presence 
of hydroxyapatite. ICSD entries No. 01-075-6049 and No. 
01-083-1762 confirm the presence of calcium carbonate. The 
peaks in the diffractogram revealed more calcium carbon-
ate compounds than hydroxyapatite, as shown in Figs 5 
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and 6. These findings have significant implications for 
understanding the composition and structure of HA and 
HA/tannin. The presence of calcium carbonate in hydroxy-
apatite samples may influence the physical and chemical 
properties of the material.

The purity of the produced hydroxyapatite is not yet 
optimal due to the presence of CaCO3. Carbonate groups 
(CO3²⁻) originate from the reaction of hydroxyapatite 
with carbon dioxide (CO2) present in the atmosphere 
during synthesis and heat treatment. The carbonate 
ions formed can enter the crystal lattice of hydroxyap-
atite, replacing hydroxyl ions (OH⁻) or phosphate ions, 
which affect the crystal structure and change the Ca/P 
molar ratio. The presence of carbonate ions is not nec-
essarily undesirable, as human bones naturally contain 
carbonate ions that replace phosphate in the form of car-
bonated hydroxyapatite (CHA), following the equation 
Ca10(CO3)x(PO4)6−(2/3)x(OH)2.

X-ray diffraction patterns can also provide information 
about crystal size. It can be determined using the Scherrer 

method, where a sharp peak with a narrow width indi-
cates a large crystal size, while a broadened peak suggests 
a smaller crystal size. The crystal size is calculated by mea-
suring the full width at half maximum (FWHM) of the peak 
with the highest intensity. For the hydroxyapatite crystals 
derived from the H3PO4 precursor, the sizes ranged from 
15.5 to 20.8 nm, while for hydroxyapatite with added tannin, 
the range was 15.4 to 21.8 nm. In comparison, hydroxyapa-
tite crystals from the diammonium hydrogen phosphate 
precursor measured between 15 and 27 nm, and with the 
addition of tannin, the range was 10 to 29 nm. The differ-
ence between morphological measurements and the calcu-
lations using the Scherrer method can be attributed to sev-
eral factors, including the overestimation of particle size in 
morphological measurements (where the longest axis of the 
particle is measured) and the subjective nature of morpho-
logical measurement (where only a few particles are mea-
sured, making it less representative). Hydroxyapatite with 
the addition of tannin as a chelating agent shows a wide size 
range, indicating the formation of larger crystals.

Fig. 5. XRD patterns of HA with H3PO4 as a precursor: a) pure HA, b) HA/tannin

Fig. 6. XRD patterns of HA with (NH4)2HPO4 as a precursor: a) pure HA, b) HA/tannin
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Fig. 7. SEM images of HA with H3PO4 as a precursor at different magnification: a) 500×, b) 1000×, c) 5000×

Fig. 8. SEM images of HA/tannin with H3PO4 as a precursor: a) 500×, b) 1000×, c) 5000×

Fig. 9. SEM images of HA with (NH4)2HPO4 as a precursor: a) 500×, b) 1000×, c) 5000×

Fig. 10. SEM images of HA/tannin with (NH4)2HPO4 as a precursor: a) 500×, b) 1000×, c) 5000×

a) b) c)

a) b) c)

a) b) c)

a) b) c)

SEM analysis

SEM analysis was performed to observe the surface 
structure of the formed hydroxyapatite particles. From 
Figs. 7–10 t can be observed that HA particles were 
agglomerated or stuck together, due to the inhomogene-
ity during synthesis, which caused them to stick together 
during the heating process. The particle size distribu-
tion of HA varies from 0.1–0.2 µm (without tannin), while 

the particle size of HA/tannin varies from 0.1–0.4 µm. 
Smaller hydroxyapatite particle size results in a larger 
specific surface area, which is associated with stronger 
interactions between hydroxyapatite and tannins [9]. The 
particle size of HA can be increased by adding tannins, 
which may be significant for HA applications. Due to the 
larger surface area, HA has a better potential for interac-
tion with the surrounding environment and various sub-
stances or molecules, including tannins. This may affect 

200 µm 100 µm 20 µm

200 µm 100 µm 20 µm

200 µm 100 µm 20 µm

200 µm 100 µm 20 µm
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the physicochemical properties of hydroxyapatite and the 
interactions of HA with other chemical species. The bond 
between HA and tannin can also have an impact on the 
stability of HA/tannin in the studied system. A stronger 
bond can strengthen the interaction between two com-
ponents, which affect the physical and chemical stabil-
ity of HA/tannin. However, it is important to remember 
that this analysis only allows for assessment of particle 
size and the bond between HA and tannin. In the context 
of HA/tannin applications, further research is needed to 
evaluate the effects of particle size and bonding on mate-
rial properties, such as stability, biocompatibility, and 
drug delivery ability.

The results of previous studies can also provide rel-
evant comparisons related to the particle size distribu-
tion of hydroxyapatite and the effect of tannins. It was 
observed that hydroxyapatite without the addition of tan-
nins has a more homogeneous particle size distribution 
[30]. This shows that the addition of tannins can affect the 
particle size distribution of hydroxyapatite. In addition, 
tannins have a strong affinity for the hydroxyapatite sur-
face and form stable bonds [31].

Hardness 

The hydroxyapatite powder was pressed into tab-
lets, which were then analyzed for hardness. The aver-
age hardness of HA was about 28 N and HA/tannin 
about 34 N, which may indicate the higher compressive 
strength of HA/tannin, as shown in Figures 11 and 12.

Hardness is a commonly used method to measure 
a material’s resistance to plastic deformation or penetra-
tion. The hardness provides insights into the material’s 
strength and resistance to compressive loads. In this study, 
the results demonstrated that hydroxyapatite with the 
addition of tannins had higher hardness than hydroxy-
apatite without tannins. This suggests that the addition 
of tannins as a chelating agent increased the compressive 
strength of hydroxyapatite. The improvement in compres-
sive strength could be attributed to several factors. First, 

tannins may form strong bonds with hydroxyapatite, 
enhancing structural stability and reducing deformation. 
Additionally, interactions between tannins and hydroxy-
apatite can result in the formation of hydrogen bonds and 
strong dispersion forces, which increase the intermolecu-
lar forces within the material.

CONCLUSIONS

Hydroxyapatite was successfully synthesized using 
Ca(OH)2 as calcium precursor and (NH4)2HPO4 or H3PO4 
as phosphate precursors by precipitation method, with 
tannin acting as chelating agent. The results showed 
that pure hydroxyapatite is white, odorless, and tasteless. 
However, hydroxyapatite with the addition of tannin 
showed brownish-white color and slightly pungent 
odor. FT-IR indicated the presence of functional groups 
derived from tannin in the modified hydroxyapatite. 
X-ray diffraction showed that hydroxyapatite contained 
traces of calcium carbonate. SEM showed agglomeration 
of hydroxyapatite particles. It was confirmed that tannins 
can form strong bonds with hydroxyapatite. The results 
obtained may contribute to the development of hydroxy-
apatite applications in medicine or in the food field.
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