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synthesis, phase composition and structure
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In the present work, a method of synthesis of biogenic hydroxyapatite-based composites
modified by magnetite (1, 5, 25, 50 % by weight) and chitosan was developed. The
composition and structure were studied by X-ray diffraction analysis (XRD), infrared (IR)
spectroscopy and scanning electron microscopy (SEM). According to X-ray phase analysis,
the particle size varies from 48.6 nm to 53.8 nm for composites containing magnetite
obtained by chemical precipitation and from 48.6 nm to 50.1 nm for composites containing
magnetite obtained by thermal decomposition in a nitrogen environment. The investigation
of morphology showed that composite materials, regardless of the ratio of BHA and
magnetite and its type (method of production) are characterized by significant agglomera-
tion of rounded particles.
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Komnosutu Ha ocHOBiI Gioremnoro rizpokcuanarury, momudikoBani marmerurom Ta
xiTo3anom: cunres, (dazoBuit ckaax ta crpykrypa. A.O.Cunuysa, 0.€Cuy, T.€.Babymina,
T.B.Tomunrna, OI.Buros

B maniii pobori pospobieHo MeTox cuHTe3y 6iOTeHHUX KOMIIOSUTIB Ha OCHOBI rigpokcua-
natury, Moxudikosanux marmerurom (1, 5, 25, 50 % wmac. ckianxy) Ta xitosamom. Criaf
iICTPYRTYPY ZOCHIIKYBaNl MeTOLAMU PEHTTeHOCTPYKTYpHoro ananisy (P®A), indpauepBonoi
(IY9) cuexTpockomii Ta ckamyrouol emekrponnol mikpockonii (CEM). Ba ganumu pentrexnoda-
30BOTO aHaJidy, pPosMip YacTUHOK KoauBaeTbcA Bix 43,6 uM go 53,8 HM 1A KOMIIO3UTIB,
10 MiCTATH MarHeTUT, OTPUMAHUX XiMiuHUM ocam:xeHHAM, i Bix 43,6 um mo 50,1 HM gasa
KOMIIO3UTIB, IO MIiCTATH MATHETUT, OTPUMAHNX TePMIiUHNM PO3KJIATOM B CEPEJOBUIIL a30Ty.
Hocnimxenusa wmopdosorii morkasamo, I10 KOMIIOSUWITINHI MarTepianu, Hesame:KHO Bifg
cuiBBiguomenna BI'A Ta margeTury Ta foro Tumy (Croco0y OTPUMAaHHA) XapaKTePU3YITHCS

SHAYHOIO aI‘JIOMepaLIiGIO OKPYIJINX YaCTHUHOK.

1. Introduction

Due to its biological compatibility, unique
bioactivity, structural and chemical similarity
to human bone tissue, hydroxyapatite (HA,
Ca;o(PO,s(OH),) is widely used in modern
medicine and materials science as an analogue
of the inorganic component of bone material.
This is one of the most stable modifications of
calcium orthophosphate in the human body.

Biogenic hydroxyapatite (BHA) is ob-
tained from the bones of cattle, fish bones,
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eggshells, algae, corals, mollusk shells, and
others [1]. It is generally used because the
crystal structure of natural HA is too com-
plex to be accurately mimicked by synthetic
crystalline apatites, which can lead to poor
adhn and low mechanical strength, as well
as reduced resorption capacity.

At the same time, the urgent task of
modern biomaterials is the development of
multifunctional magnetically sensitive com-
posite  materials. Magnetite  (Fez0y)
nanoparticles are currently the most widely
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Fig. 1. Specific surface area of composites with magnetite obtained by chemical precipitation and

magnetite obtained by thermal decomposition.

used particles of iron oxides for biomedical
purposes [2]. The biomedical use of mag-
netic nanoparticles can be considered de-
pending on whether they are inside the body
(in vivo) or outside it (in vitro). In vivo use
can be further classified into diagnostic
(MRI) and therapeutic (hyperthermia and
drug delivery) applications. The two main
factors to consider are the size and modifi-
cation of the surface. The nanoparticles
have a huge surface area that can be modi-
fied with a large number of functional
groups for crosslinking with tumor-targeted
ligands, for diagnostic imaging or delivery
of a therapeutic agent [3].

The use of the polymer component can
improve the biocompatibility of materials,
their surface and mechanical properties.
Chitin is the second most common biopo-
lymer after cellulose. Chitosan is made from
chitin, which is a natural polysaccharide
found in crabs, shrimp, lobsters, corals, jel-
lyfish, butterflies, sundews and mushrooms
[4]. Chitosan has specific properties that
make it a promising biomaterial for use in
tissue engineering. This polymer is demon-
strated as excellent biocompatibility, almost
non-toxic to humans and animals, has high
bioactivity, biodegradability, selective per-
meability, polyelectrolyte action, antimicro-
bial activity, ability to form gel and film,
chelate, reactivity and absorption [5].

Special attention is paid to development
of hydroxyapatite-based composite materials
due to their wide range of medical uses. A
sufficient number of studies have been pub-
lished on the study of hydroxyapatite/mag-
netite composites and their use as carriers
in drug delivery, treatment of cancerous tu-
mors with hyperthermia, and orthopedics
[6-9]. However, in our opinion, insufficient
attention has been paid to the BHA-based
composite modified with magnetic nanopar-
ticles and the polymer component.

That is why the aim of this work is the
synthesis of a biogenic hydroxyapatite-based
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composite modified by magnetite and chi-
tosan, the investigation of its phase compo-
sition and structure for possible further use
as a biomaterial.

2. Experimental

As a starting material, we used biogenic
hydroxyapatite obtained by annealing the
bones of cattle at 800°C in air for 4 hours
[10]. Chitosan powder ((CgH4{NO,),, M =
500.000, Wako Pure Chemical Industries
Ltd.) was selected as the organic polymer.

Magnetite powder was obtained in two
ways: by the method of chemical precipitation
of iron chlorides and by the method of ther-
mal decomposition from iron oxalates [11].

The first precipitation process was per-
formed from  aqueous solutions of
FeCl,4H,0O and FeCl3-6H,0O with a molar
ratio of Fe2*:Fe3* 1:2. A 25 % solution of
NH,OH (ammonia) was slowly added drop-
wise to the mixture to obtain smaller
nanoparticles. The mixture was stirred on a
magnetic stirrer for 5 min at 80°C. The re-
sulting black precipitate was washed with
distilled water and ethanol.

The second method of magnetite synthe-
sis is the thermal decomposition of FeC,0,
(iron oxalate) in a Mars furnace at 470°C
for 2 h in nitrogen medium.

BHA /magnetite/chitosan composites were ob-
tained according to the scheme shown in Fig. 1.
First, a homogeneous 0.1 % solution of chi-
tosan in a 1 % acetic acid solution was pre-
pared. Magnetite, previously obtained by pre-
cipitation or decomposition, was added to the
chitosan solution, mixed thoroughly, and soni-
cated for 3 minutes. To the formed ferrogel
was added BHA powder in the amount of 99,
95, 75 and 50 wt.% , with ultrasonic treatment
for 5 minutes and dried at 50°C for 18 hours.

Specifc surface area (SSA) was measured
by gas (nitrogen) adsorption-BET method.

Chemical composition was controlled by
X-ray fuorescence EXPERT 4L analyzer
(INAM, Ukraine).
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Fig. 2. General view of powder composites with different mass ratios of BHA and magnetite,

obtained by different methods.

The phase composition of synthesized com-
posites was studied by X-ray diffraction analy-
sis using a DRON-3 diffractometer (Bourevest-
nik, Russia) in Cu—-Ko radiation with A =
1.54178A3 at room temperature in the angle
range 20 10—-80°. The obtained diffraction pat-
terns were processed using the JCPDS (Inter-
national Center for Diffraction Data) and PDF
(Powder Diffraction Files) files.

Infrared (IR) spectra were recorded by an
Fourier spectrometer FSM-1202 (Infraspec-
trum, Russia) in the frequency range 4000
400 cm™! using KBr pellets technology.

The microstructure of composite powders
was observed by scanning electron micros-
copy (SEM) using a Tescan Mira 3 LMU
microscope (Tescan, Czech Republic).

3. Results and discussions

The appearance of obtained powder com-
posites are presented in Fig. 2.

The values of the specific surface area of
composites are schematically presented in
Fig. 3. The increase in the specific surface
area of powder composites is associated with
an increase in Fe3;0, content, because the
synthesized magnetite, according to studies
[11], is nanoscale, with a higher specific
surface area in powders obtained by chemi-
cal precipitation from iron chloride for
5 min. These data fully confirm the study
of the specific surface area of the hydroxya-
patite-based composites.

The XRD patterns for raw materials and
the obtained composites are shown in Fig. 4
and Fig. 5. As can be seen from the diffrac-
tion patterns, a multiphase material was
formed in which the main characteristic
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Fig. 3. Specific surface area of composites for
composites, which include: magnetite obtained
by chemical precipitation and magnetite ob-
tained by thermal decomposition.

lines of hydroxyapatite (JCPDS No. 9-0432)
well overlap with the diffraction peaks of
the synthesized materials. In addition, the
characteristic peaks of magnetite (JCPDS
No. 821533) are also presented at values of
angle 20 85.5°, 57.2° and 62.9°, which increase
in proportion to the amount of Fe3O4 in the
material. The diffraction patterns do not show a
clear characteristic peak of chitosan (20 20.1°),
but the X-ray spectra of the composites, com-
pared to pure biogenic hydroxyapatite, are
somewhat amorphous, which may indicate the
presence of chitosan phase.

Also, according to X-ray phase analysis,
the particle size varies from 43.6 nm to
53.8 nm for composites containing magnet-
ite obtained by chemical precipitation and
from 43.6 nm to 50.1 nm for composites
containing magnetite obtained by thermal
decomposition in a nitrogen media.
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Fig. 4. XRD patterns for composites with
different mass ratios of BHA and magnetite
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Fig 5.XRD patterns for composites with dif-
ferent mass ratios of BHA and magnetite ob-
tained by thermal decomposition.

IR data are presented in Fig. 6 and Fig. 7.
As can be seen, there is an overlap of infra-
red absorption bands of BGA, magnetite
and chitosan. The IR spectrum is typical
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Fig. 7. IR for composites that include
magnetite obtained by thermal decomposition.
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Fig. 8. Microstructure of the obtained composite materials, which include: a) magnetite

obtained by chemical precipitation; b) magnetite obtained by thermal decomposition.

for hydroxyapatite-based composites.
Due to their high intensity, the spectra of
BHA with characteristic absorption bands
of functional groups PO,3-, OH~ and CO3?
overlap the absorption bands of Fe-O
functional groups, deformation oscillations
of Fe-OH groups, which are characteristic
of magnetite, as well as methylene (CH,)
and amide bands. I (C = O), amide II (NH
deformation NH,), amide III (CN), deforma-
tion oscillations CHj3, asymmetric oscilla-
tions COC and CO bonds, vibrational oscil-
lations of hydroxyl groups, inherent in the

Functional materials, 29, 2, 2022

structure of chitosan, which also leads to
their broadening and reducing the intensity.

The control of the chemical composition
on the iron content in the obtained com-
posites was also carried out. It was found
that in samples 99 BHA/1 Fe;O,/Chitosan
and 95 BHA/5 FezO,/Chitosan the per-
centage of iron content from the total
weight of the composite does not exceed
2.28 %. It should be noted that compared
to some other nanoparticles, magnetite par-
ticles show relatively low toxicity to cell
cultures [12] and the allowable amount of
iron is about 10 g/kg [13] or about 3 % by
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weight. Therefore, the above samples of
composites are promising for further study
and use in biomedicine.

The morpholo8gy of the obtained powder
composites in the BHA/magnetite/chitosan
system is presented in Fig. 8. For composite
materials, regardless of the ratio of BHA
and magnetite and its type (method of pro-
duction) is characterized by significant ag-
glomeration of rounded particles. In addi-
tion, hexagonal prisms can be seen in the
structure — particles of this shape are
characteristic of BHA, which crystallizes in
hexagonal syngony.

4. Conclusions

Composite powders of biogenic hydroxya-
patite/magnetite/chitosan based on magnet-
ite obtained by chemical precipitation for
5 minutes, as well as thermal decomposition
in a nitrogen media with different ratio of
components (wt.% BHA/magnetite: 99/1,
95/5, 75/25 and 50/50 with a chitosan con-
tent of 0.1 %) were obtained.

According to the results of X-ray dif-
fraction and IR spectroscopy, it was found
that the composites consist of phases of hy-
droxyapatite, magnetite and chitosan. Ac-
cording to the control of chemical composi-
tion, it was found that in samples 99
BHA/1 FezO,4/Chitosan and 95 BHA/5
Fe;O4/Chitosan, the percentage of iron con-
tent from the total weight of the composite
does not, exceed 2.28 %, which is acceptable
for biomaterials.

The composites are nanoscale and charac-
terized by the formation of agglomerates of
complex shape, the specific surface area de-
pends on the type and ratio of components and
is 4.8-28.6 and 9.6-46.0 m2/g for composites
based on magnetite obtained by thermal de-
composition and chemical precipitation, respec-
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tively. Sufficiently high specific surface of
the obtained materials will allow functional-
izing the surface of materials for further
use.
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