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Calcium apatite and sodium alginate based composite material
with ZnO microparticles doping

Among the various materials for orthopedic use, hydroxyapatite (HA) is the most common material, dueto its
chemical similarity to bone. However, the application is limited because of low mechanical properties (espe-
cialy high brittleness), low water solubility, low antimicrobial activity. The introduction of trace metal ions,
as well as biopolymers, can improve its properties. The present work is devoted to the synthesis and complex
study of bioactive material based on nanostructured hydroxyapatite with the addition of sodium alginate and
ZnO, which has properties close to bone tissue. The article presents information on the method of preparation
and the results of the investigation of a new composite materia based on HA and sodium alginate with the
addition of ZnO microcrystals. In the research work next methods were used: scanning electron microscopy
with the possibility of energy-dispersion analysis, transmission electron microscopy and IR spectroscopy. The
morphology, the particles phase statesare described, the regularities of the structural features of the new mate-
rial are revealed. The main characteristics like, the ratio of Ca/P and functional groups correspond to the gen-
erally accepted parameters. An explanation of the grouping of ZnO microcrystalsin the pores of the structure
of asynthesized composite material is proposed.

Keywords: nanostructured biomaterials, hydroxyapatite with addition of sodium alginate and zinc oxide,
biocomposite materials, biomaterials for medicine.

Introduction

Recently, there has been a significant increase in the number of studies aimed at devel oping new mate-
rias that promote the growth of biological tissue or its replacement [1]. To date, medicine, in particular or-
thopedics, has moved to minimally invasive methods of treatment. Accordingly, the time of tissue repair is
reduced. Depending on the injury, various metals and metal oxides are used as bearing or fixing implants.
These materias regenerate tissues to form a new bone or replace / maintain a completely damaged bone.
Hydroxyapatite Cayo(PO4)s(OH) 2, (HA), which resembles the chemical composition of the inorganic part of
human bone, is now widely used in medicine due to its postive properties of biocompatibility,
osteoinductive and osteoconductive properties.

HA can form a direct chemical bond with adjacent bone tissue and facilitates rapid osseointegration of
implants. Acceleration of the process of osteosynthesis in orthopedicsis akey factor, asthis leads to a reduc-
tion in the duration of treatment of patients, and consequently to a reduction in the economic costs of medical
discussion [1-11].

It is known that HA can be synthesized by various methods and chemical routes. Doping with various
elementsis possible by adding salt solutions, during chemical synthesis, by electrochemical method or by ion
implantation [2]. Introduction can affect not only the crystal structure and bio-mechanical properties, but aso
alter the behavior in vivo and in vitro. Basically, the HA is doped with el ements contained in the biological
bone, these are Li, Mg, Zn, Ag, Cu, Al, Zn, Mg, Sr, and Si ions. The addition of Zn, as studies have shown,
has the best osseointegration, and also has good antibacteria properties. According to [11-17], HA with Zn
addition has extensive properties such as load-bearing capacity and corrosion resistance, antibacterial and
antifungal activity and applications, including better cell adhesion, differentiation of mesenchyme stem cells.

Based on the foregoing, the present work is devoted to the synthesis and complex study of a
biocomposite material based on calcium apatite and sodium alginate with the addition of ZnO microparticles
for further use in orthopedics.

Materials and methods of the experiment

The following chemicas «Merck» manufactured were used: calcium nitrate tetrahydrate
[Ca(NO3),-4H,0], ammonium hydrophosphate [(NH,4),HPO,], anmonium hydroxide [NH,OH], zinc nitrate
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hexahydrate [Zn(NOs),-6H,0] classification «Chemically clear» (purity 99 %), calcium chloride [CaCly];
sodium alginate (E401) with a molecular mass of 15 kDa (manufacturer of China).

The synthesis of HA was carried out by mixing 0.167 M Ca(NQOs), and 0.1 M 6.6 g (NH,4),HPO,. The
molar ratio of Ca/P is 1.67, as in the case of stoichiometric HA. The formation of HA occurred when the
ammonium hydrophosphate was added to the solution by dropping (Iml/min). A pH of about 11 was
achieved by adding 90 ml of 25 % ammonia solution to the mixture with stirring.

To this suspension was added 2 % sodium alginate in a weight ratio of 1:1 and the mixture was
sonicated to install UZDN at a power of 75 W for 5 minutes. The resulting product was dispersed in 0.125 M
calcium chloride solution.

Synthesis of the biocomposite with the addition of ZnO was performed by electrochemical mixing by
mixing 200 ml of a0.2 M zinc nitrate hexahydrate solution and 4 ml of a 3 % sodium alginate solution while
passing an alternating current (2A) for 30 minutes. Formation of ZnO compound began after addition of
15 ml of 25 % ammonia solution. After that, the entire volume of the solution was heated on an electric plate
to a temperature of 80 °C with stirring using a magnetic stirrer. After cooling, the sample was repeatedly
rinsed with distilled water until neutral. The precipitated ZnO fraction was separated by centrifugation. As a
result, a suspension of ZnO with a moisture content of about 85 % was obtained, which was dried at 37 °C in
the next processing step. The dried product was crushed and sieved through a sieve. Thus, ZnO powder was
obtained with a dispersion of <63 pum.

The HA with different additives was analyzed by scanning methods such as: scanning electron micros-
copy (SEM) using the JISM-6390LV microscope with the energy dispersive microanalysis system INCA En-
ergy Penta FET X3, samples of samples were selected for which additional analysis was carried out in ele-
mental contrast.

The functional groups were studied on an IR Fourier spectrometer FTIR-801 Simex, measuring range
500-4000 cm ™ with aresolution of 1 cm™.

Results and discussion

Figure 1 shows a micrograph of a pure HA powder. The HA powder has a different form, due to the
process of sample preparation, namely the grinding of granules in a mortar. An EDS analysis of severa
sample's points was carried out to determine the elemental composition. The results are shown in Table 1.
The Ca/P ratio was 2.12, the concentration change was insignificant for al elements except Al, which
indicates a non-uniform Al distribution in the sample volume. The Al content is not significant, and ranges
from 0.24 to 0.42 wt. %.

Figure 1. SEM image of pure HA powder
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Table 1
Results of EDS analysis on SEM, weight %

Spectrum O] Al P Ca CalP
Spectruml 55.73 | 042 | 1401 | 29.84 | 212
Spectrum 2 5397 | 024 | 1449 | 31.30 | 2.16
Spectrum 3 5542 | 050 | 14.28 | 29.80 | 2.08
Average 55.04 | 0.38 | 14.26 | 30.31 | 2.12

Figure 2 shows a SEM image of a synthesized composite material HA/alginate/ZnO. The synthesized
composite material has a bound, porous trabecular structure (similar to the structure of the cortical portion of
the human bone), due to the addition of a sodium alginate polymer. ZnO microcrystalites are distributed
evenly, located in the pores of the material. We explain this regularity by the peculiarity of synthesis of a
composite material, namely, with the transmission of an alternating electric current, when local heating oc-
curs.

Figure 2. SEM image of the synthesized composite material HA/alginate/ZnO

Figure 3 shows the ZnO microcrystalites. Microcrystalites of ZnO is a spatially oriented group of sin-
gle crystals of zinc, in the form of «snowflakes», 5 micronsin size. This arrangement is an advantage, since
in this case the addition of zinc oxide will have the maximum antibacterial effect, with little effect on the
mechanical properties of the material.

Figure 3. SEM image of ZnO microcrystalline
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The EDS analysis carried out also for severa sections of the synthesized biocomposite material, Ta-
ble 2. With the injection of additional components, the elemental composition has also changed. There ap-
peared such elements as. O, Na, Mg, Si, Cl, and Zn. All these elements are contained in the form of micro-
elements in natural bone. The ratio of Ca/P slightly decreased to 2.03. The concentration of Zn varies from
7.08 to 24.28 % by weight, which is explained by a nonuniform distribution of Zn in the bulk of the sample.

The change in concentration at different points of analysis of other elements is insignificant. The concentra-
tion of Al isinsignificant, lessthan 0.55 % by weight.

Table 2
Results of EDS analysis of the biocomposite material HA/alginate/ZnO, % by weight

Spectrum O Na Mg Al Si P Cl Ca Zn CalP
Spectrum 1 40.69 4,69 0.85 0.49 9.98 5.95 1.91 11.78 | 23.66 1.97
Spectrum 2 38.80 3.99 0.72 0.40 10.67 6.61 1.83 1271 | 24.28 1.92
Spectrum 3 48.40 4,09 0.87 0.55 11.10 8.01 2.52 17.38 7.08 2.16

Average 42.63 4,25 0.81 0.48 10.58 6.86 2.09 1396 | 18.34 2.03

In Figure 4a is shown the IR spectrum of a pure HA powder. It isfound that the main vibrational modes
of the material synthesized by us (high-intensity lines 564-601 cm™, 962—1086 cmi™*) correspond to crystal-
line HA. The hydroxyl group iswell pronounced (bands of 3600—4000 cmi™).

a— pure HA; b — synthesized composite material HA/al ginate/ZnO
Figure 4. IR-spectra

Thereisasdignificant change in the set of functiona groups of HA with introducing sodium alginate and
ZnO, as evidenced by the obtained data (see Fig. 4b). The displacement of the functional group (PO,)* from
1026.6 to 1056.1 cm™, as well as its considerable broadening, may indicate a violation of the geometry of the
HA molecule and the formation of new chemical bonds with compounds of a polysaccharide nature. The
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bands of stretching vibrations of C-H pertaining to amines (2987.5-2901.2 cm™) and 892.17 cm™ are also
observed. The bands of the group —OH are average intensive.

Conclusions

The synthesized biocomposite material HA/alginate/ZnO was studied. The CalP ratio corresponds to the
generally accepted parameters. In the study, it was found that HA molecules are embedded in the crystal
structure of ZnO and form a chemical bond with the substitution of the Ca atom. Further in vitro and in vivo
researches are needed. The developed composite materia is devoted for using in orthopedics as materia for
filling augments. The results indicate a high potential for the use of the synthesized material.

The present work was supported by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan for the targeted financing program «Targeted scientific and technical program
of the D. Serikbayev East Kazakhstan State Technical University, focused on the development of new types of
products for production at the leading industrial enterprises of the East Kazakhstan region» for 2017-2019
years.
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ZnO MuKpPOOOIIIEKTEPi KOCHUIFAH KAJIbIMIi anaTUTI
’KOHEe HATPHUIl aTbIMHATHI HeTi3iH/eri KOMIO3UIUAJIBIK MaTepUaJl

OpronenusuiblK KONAAHYFa apHAJIFaH SpTYpJi MaTepuanmapiply apacsinaa ruapokcuanatut ([A) cyitexke
XUMUSUTBIK YKCACTHIFBIHA OAaMJIaHBICTHI €H KOIl TapalFaH MaTepHasl OOJIBIT TaObIIabl. Aslaliia MEeXaHUKaJIbIK
KacuerTepiHiH (9cipece MOPT CBHIHFBIMITBIFBI), CyAa epirimriri, MUKpoOKa Kapchl OEICEHALNITT CHSAKTHI
KAacHeTTepiHiH TOMeHAIriHe GaliIaHBICTHI, KOJJAHBUTYy Aopekeci mekTeyni. MeTamn MOHIaphIH, COHIal-aK
OuoroaMepiep/i eHri3y OHBIH KaCHeTTepiH xakcapTa anaasl. OCHI )KYMBIC CYHeK TiHiHe )KaKbIH KacueTTepi
6ap HaTpuil anurateiMeH xoHe ZNO KOCyMeH HaHOKYPBUIBIMIbI I'MAPOKCHANATHT Heri3iHae OnoananTHBTi
MaTepHaIIbl CHHTE3/eYre JKOHE KeIIeHAI 3epTTeyre apHairan. Makanaga ZnO MHKPOKPHCTAIIAPBIH KOCY
apKpuIbl I'A >k0HE HATpHUil anuraThlHa HETi3/IeNreH jXaHa KOMIIO3UILMSIBIK MaTepUalIapbl 3epPTTEYIiH KoHEe
onmapasl 3epTTEYHdiH HOTIDKeJepi Typaibsl akmapar OepinreH. 3epTTey JKYMBICBIHAA Keneci ofictep
KOJIIAHBUIbL: 3JIEKTPOH/IBI-MUKPOCKOMHS, SHEPTHsA-IUCTICPCUSIIBIK TANAay, TPAHCMUCCHUSUIBIK 3JIEKTPOHIBI
mukpockonus xoHe VIK-cnekrpockonus. Mopdornorns, Genmmexrepain ¢a3anblk Kyili cHmarTainFaH, jKaHa
MaTepHaJIbIH KYPBUIBIMIBIK EPeKIIeIKTepiHiH 3aHABUIBIKTApEl aHBIKTaNFaH. CHHTE3NENIreH MaTepHAIIBIH
Herisri kacuertepi, CalP KaTbIHACHI KoHE (YHKIMOHAJIBIK TONTAPHI JKaIIbl KaObUIIAaHFaH Mapamerpliepre
colikec kenemi. CHHTE3eNTeH KOMIIO3MIISUIBIK MaTepual KYPBUIBIMBIHBIH  Keyekrepinge ZnO
MHKPOKPHCTAJIAPbIHBIH TONTACYbI Typasbl 00JKaM YChIHBUILIBI.

Kinm ce30ep: HaHOKYPBUIBIMIBI OHOMaTepuanjap, HATPUl aluraTbl >KOHE MBIPHIII TOTHIFBI KOCBUIFAH
TH/IPOKCHANATUT, OMOKOMIIO3UTTIK MaTepuaiap, MeMIMHaFa apHaJiFaH GroMarepuaniap.

A. Typasioexyisl, b.X. [llaiimapmranosa, C.B. ITnoraukos, A.Jl. [Torpe6Hsik,
JL.H. Epoxuna, I'.K. Yaseipxanona, A.B. Kaceimbaes, E. lllaiimapaan, 11.C. Joragkux

Komno3utHslii MaTepHuajJ Ha OCHOBE allaTUTAa KAJIbIUUA
n ajJIbI'iHaTa HATPUA C I[OﬁaBJIeHl/leM MUKPOYaCTHUIL Zn0O

Cpenn pa3inMyHBIX MaTepPUAIOB ISl OPTONSANYECKOro npuMeHeHus ruapokcuanatut (CA) sBisieTcs: caMbIM
pacIpoCTpaHEHHbIM U3-3a €r0 XMMHUUYECKOIO CXOJCTBA C KOCTbIO. OIHAKO pa3lIMuHbIe CBOMCTBA, TAKUE KaK
[IOCPEICTBEHHbIC MEXaHUYECKUE CBOMCTBA (0COOCHHO BBICOKAsk XPYIKOCTb), HH3Kash PacTBOPHMOCTh B BOJE,
MaJjiasi aHTUMUKPOOHAs! aKTUBHOCTH, OTPAaHNYUBAIOT MacITabbl €ro MPUMEHEHHs 10 OTPEETIeHHOTO YPOBHSI.
BBezeHne NOHOB METAIOB, a TAKXKe OMOIIOJIMMEPOB MOXKET CIIOCOOCTBOBATH YIYdIISHHIO €ro cBoicTB. Ha-
cTosimiasl paboTa MOCBAIIEHA CHHTE3y ¥ KOMIUIEKCHOMY HMCCIIEJOBAaHUIO OMOaJaNTHBHOIO MaTepuaia Ha oc-
HOBE HaHOCTPYKTYPHPOBAHHOTO TMAPOKCHAIIATHTA, C J00aBICHHEM ajbruHaTa HaTtpus u ZnO, MMeromero
CBOWCTBa, OJIM3KHE K KOCTHOW TKaHU. ABTOpaMH HpeJcTaBlieHa HHOPMALHSA O METO/IE MOJIYUYeHHUS U Pe3yJib-
TaTax MCCIEI0BaHU HOBOTO KOMIIO3UTHOTO MaTepHana Ha ocHOBe I'A M anbruHara HaTpus ¢ go0OaBlIeHHEM
MuKpokpuctaimioB ZnO. B uccienoBaHun NMPUMEHEHbI METOJBI PACTPOBOIl 3JIEKTPOHHOH MHKPOCKOIHUHM C
BO3MOKHOCTBIO JHEPIOAUCIIEPCUOHHOIO aHalu3a, [POCBEYUBAIOLIECH 31eKTpOHHOH Mukpockomnuu u MK
criekTpockonuy. Onrcana MOpQoIorus, (pa3oBoe COCTOSIHUE YACTHUII, BBISBICHBI 3aKOHOMEPHOCTH CTPYKTYP-
HBIX 0COOeHHOCTEll HOBOro Mareprana. OCHOBHbBIE XapaKTEePUCTHKH, Takue Kak cootHourenne CalP u dyHk-
IUOHANEHBIX TPYII, COOTBETCTBYIOT OOIIENPHHATEIM IapameTrpaM. [IpennoskeHo oObsICHEHHEe IpyNIHpOBa-
HMSI MUKpOKpHCTa/II0B ZNO B IOpax CTPYKTYPbl CHHTE3UPOBAaHHOTO KOMIIO3UTHOI'O MaTepHalla.

Knioueswie cnosea: HaHOCTPYKTYpUPOBaHHBIE OOMAaTEpUAIbl, THAPOKCHATIATUT C HOOABIEHHEM aJblHMHATA Ha-
TpUs ¥ OKCHA IMHKA, OMOKOMITO3UTHBIE MaTepualbl, GnoMaTepHabl Ak MEJUILIUHBL.
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