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Physico-chemical properties of ZnO doped nanostructured hydroxyapatite

The modification of synthetic biomaterials based on bioapatite by various additives becomes urgent; which
would have an antibacterial and antiseptic effect, in order to reduce the risk of transformation.of aseptic
inflammation to bacterial (osteomyelitis). The solution of this issue can be the inclusion of trace metal ions,
such as Zn, Ag and Mg hydroxyapatite (HAP), which present in the biological bone mineral. The addition of
zinc ions improves its biological characteristics, since recent studies show its antibacterial properties. This
work is devoted to the synthesis and complex study of bioadaptive material based on ZnO doped
nanostructured hydroxyapatite, which has properties close to bone tissue. The paper presents new results on
the preparation and investigation of a composite material of HAP powder with the addition of ZnO. The
investigation was carried out by scanning electron microscopy with the possibility of/energy-dispersive
analysis, transmission electron microscopy with the possibility of mapping the elemental composition. The
morphology and the phase state of the particles have been studied. The ratio of Ca/P corresponds to the
generally accepted parameters. In the study, it was found that HAP molecules are embedded in the crystal
structure of ZnO and form a chemical bond with the substitution of the Ca atom.

Keywords: nanostructured biomaterials, hydroxyapatite with the“addition of zinc oxide, biocomposite materi-
als, calcium phosphates.

1. Introduction

Hydroxyapatite [Ca;o(PO4)s(OH),,HAP], which has similarieties with the inorganic part of human bone
by the chemical composition, is widely used in medicine due to its positive properties of biocompatibility,
osteoinductive and osteoconductive properties. HAP can form a direct chemical bond with adjacent bone
tissue and facilitates the rapid osteointegration of implants. Acceleration of the osteosynthesis process in or-
thopedics is a key factor, because it leads to a reduction in the duration of patient’s treatment, and conse-
quently a reduction in the economic costs of medical discussion [1-9].

In this regard, the modification of synthetic biomaterials based on bioapatite by various additives
becomes urgent, which would have an antibacterial and antiseptic effect, in order to reduce the risk of aseptic
inflammation transformation to bacterial (osteomyelitis).

A solution to this problem may be the inclusion of trace metal ions, such as zinc, silver and manganese
in HAP, which are presentiin the biological bone mineral. The addition of zinc ions makes it possible to im-
prove its biological characteristics, since recent studies [3] show its antibacterial properties.

Despite the fact that the exact mechanism of ZnO antimicrobial activity is unknown, there are three
main assumptions: membrane damage, cellular cell intake of ZnO or Zn>" ions and ion reactivity. These
mechanisms and the structure of ZnO are described in [1-3].

Based on the foregoing, the present work is devoted to the complex study andsynthesis of bioadaptive
material based on nanostructured hydroxyapatite doped with ZnO, which has properties close to bone tis-
sue.The presented results are the first one in the series of investigation work, which devoted to synthesis and
coatings of biocompatible nanostructured biocomposite materials based on calcium apatite.

The purpose of this work is to investigate the influence of ZnO doping on physical properties of hy-
droxyapatite. The objectives are understand the mechanism of ZnO microcrystals’ growing into the HAP,
and its” bonding with HAP molecules.

2. Materials and methods of the experiment

The HAP study was carried out by the methods of analysis as scanning electron microscopy (SEM) us-
ing the JSM-6390LV microscope with the energy-dispersive microanalysis system INCA Energy Penta FET
X3, elemental contrast analysis was carried out on selected aries of samples. High-resolution transmission
electron microscopy (HR-TEM)was carried out using an electron microscope JEM-2100, an additional
EDAX analysis was performed using the INCA Energy TEM 350 with an X-MAX 80 crystal. All this ana-

74 BecTHuk KaparaHguHckoro yHusepcureTa



Physico-chemical properties of ZnO...

lytical investigations were conducted at university laboratories of East Kazakhstan State Technical Universi-
ty named after D. Serikbayev.

To 200 ml of 0.2 M solution of zinc nitrate hexahydrate was added 4 ml of a 3 % solution of sodium
chloride. To begin the chemical reaction for the formation of the ZnO compound, 15 ml of 25 % ammonia
solution was added. In this variant of synthesis, a titanium plate was dropped into the resulting solution,
through which an alternating current (2A) was passed for 30 minutes. Further, the entire volume of the solu-
tion 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 reaction. 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.

To 6.0 g of a suspension of HAP (85 % moisture) obtained by the above described method, 0.3 g of ZnO
powder (< 63 um) was added, which is 33 % of ZnO with respect to dry HA and kneaded with a spatula.

3 Results and discussion

Figure la shows a photograph of the microstructure of a HAP doped with ZnO. As you can see, the
ZnO crystallites are distributed evenly and are pronounced (white dots). At higher magnification (x3000), it
is found in Figure 1b that the ZnO crystallites consist of single crystals crystallized in the form of a 6-star
with a size of <5 microns. The chemical composition of the synthesized material is'shown in Table.

Table
Chemical composition of the synthesized material, in % by weight

Number 0 Al P Ca Zn Sum

1 34.34 0.35 8.29 13.74 43.28 100.00
2 39.74 0.61 9.27 15.37 35.02 100.00
3 45.23 0.23 14.78 29.41 10.35 100.00
4 44.78 0.27 13.39 27.70 13.86 100.00
Average 41.02 0.36 11.43 21.55 25.63 100.00

a b
a) microstructure of HAP doped by ZnO, x100; b) crystallites of ZnO, x3000
Figure 1. SEM images of the microstructure of ZnO doped HAP

From the obtained data, it can be seen that Zn is presented in the HAP composition with different con-
centrations of Zn at the EDS analysis points. Thus, the concentration of Zn varies from 10.35 to 43.28 % by
weight. The average value of the Zn concentration is 25.63 %. The concentration of oxygen decreases, be-
cause part of it goes on the formation of crystallites ZnO. The Ca/P ratio is 1.88, which is close to the stoi-
chiometric HAP, and indicates good biocompatibility. To explain such a significant change in the Zn concen-
tration, mapping was performed on the TEM (see Fig. 2).
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Cakal Cukal Zn ka1

a — TEM image of ZnO doped HAP; b — distribution (map) for O; ¢ — for P; d — for Ca; e — for
Cu; f— for Zn

Figure 2. TEM image of the nanoparticle ZnO

For the mapping analysis, a ZnO nanoparticle was chosen. Analyzing the distribution of elements
shows that P and Ca also persented in.the ZnO nanoparticle. This, in turn, may indicate that the HAP mole-
cules enter into a chemical bond with Zn, by the replacement of the Ca atom. The presence of Cu is ex-
plained by the method of investigation (application of a solution onto a copper mesh).

Figure 3. TEM image of the ZnO nanoparticle, scale of the ruler 200 nm
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Analysis of ZnO particles using transmission electron microscopy (TEM) with high resolution (Fig. 3)
shows that the structure of ZnO is hexagonal with lattice parameters a = 3.2427, b =3.2427, ¢ = 5.1499.

Conclusion

Synthesized HAP powder with ZnO addition was studied. The Ca/P ratio for some samples corresponds
to the generally accepted parameters, close to bone tissue. In the study, it was found that HAP molecules are
embedded in the crystal structure of ZnO and form a chemical bond with the substitution of the Ca atom. The
microcrystals of ZnO are distributed evenly, it is found that the crystallites consist of single crystals crystal-
lized in the form of a 6-star. That property should be profitable for antibacterial characteristics of composite
material. This work, the first in the proposed series of works devoted to the study of a composite material
having properties close to bone tissue.The investigations will be continued.

The present work was carried out with the financial support of the Science Committee of the Ministry
of Education and Science of the Republic of Kazakhstan for the targeted financing program «Targeted scien-
tific 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 Kazakh-
stan region» for 2017-2019 years.

References

1 Bhowmick, A., Pramanik, N., Manna, P.J., Mitra, T., Selvaraj, T.K., Gnanamani, A. & et al. (2015). Development of porous
and antimicrobial CTS-PEG-HAP-ZnOnano-composites for bone tissue’ engineering. RSC Advances, 5(120), 99385-99393.
doi:10.1039/c5ral6755h.

2 Kanhed, S., Awasthi, S., Midha, S., Nair, J., Nisar, A., Patel, A K. & et al. (2018). Microporous Hydroxyapatite Ceramic
Composites as Tissue Engineering Scaffolds: An Experimental and Computational Study. AdvancedEngineeringMaterials, 1701062.
doi:10.1002/adem.201701062.

3 Saxena, V. Hasan, A., & Pandey, L.M. (2017). Effect of Zn/ZnO integration with hydroxyapatite: A review.
MaterialsTechnology, 33(2), 79-92. doi:10.1080/10667857.2017:1377972.

4 Dorozhkin, S. V., & Epple, M. (2002). Biological and' Medical Significance of Calcium Phosphates. AngewandteChemie In-
ternational Edition, 41(17), 3130-3146. doi:10.1002/1521-3773(20020902)41:173.0.c0;2-1.

5 Sukhodub, L. (2014). Metal Ions Doped Chitosan Nanoparticles. Journal of Nano- and Electronic Physics, 6(4), 04034-1-
04034-6.

6 Sukhodub, L.B, Khrystian, G.E., Sukhodub, L., Shulga, N.M., Meshkov, A.M., Kazmirchuk, V.V., & et al. (2016). Compo-
site Materials Based On Zinc Sulfide And Zinc«Oxide: Structural And Biocidal Properties. Annals of Mechnikov Institute, 4, 34-39.

7 Tto, A., Otsuka, M., Kawamura, H., Ikeuchi, M., Ohgushi, H., Sogo, Y., & Ichinose, N. (2005). Zinc-containing tricalcium
phosphate and  related  materials for ~ promoting bone formation. CurrentAppliedPhysics, 5(5), 402-406.
doi:10.1016/j.cap.2004.10.006.

8 Mieshkov, A.M., Grebenik; L.I.; Ivahnuk, T.V., & Sukhodub, L.F. (2016). Antibacterial Properties of the Nanoparticles with
the Zinc Sulfide Quantum Dots. 3rd International Conference on Nanotechnologies and Biomedical Engineering IFMBE Proceed-
ings, 267-270. doi:10.1007/978-981-287-736-9_65.

9 Pogrebjak, A.D., Krivets, A.S., Dyadyura, K.A., Maksakova, O.V., Shaimardanov, Z.K., & Peplinska, B. (2016). Research of
the relief and element composition of the surface coatings based on hydroxyapatite implants from titanium alloys. 2016 International
Conferenceon Nanomaterials: Application & Properties (NAP). doi:10.1109/nap.2016.775729.

10 Pogrebnjak, A.D., Krivets, A.S., Shaimardanov, Z.K., Syrnev, B.V., Plotnikov, S.V., & Maksakova, O.V. (2016). Surface
properties, technology of fabrication and prospects of application of medical implants from porous titanium obtained by powder met-
allurgy. 2016 International Conferenceon Nanomaterials: Application & Properties (NAP). doi:10.1109/nap.2016.7757292.

A. Typneioexyisr, b.X. Hlaiimapnanosa, C.B. [Inotaukos, A.Jl. [TorpeOHsK,
H.K. Epasibaesa, I'.K. Yaspipxanosa, K. Akatan

Zn0O KOCHLIFaH HAHOKYPBUIBIM/IBI THAPOKCHATIATHTTIH,
pu3nKa-XUMHSJIBIK KacueTTepi

AcenTukanblK KaObIHYABIH OaKTepHsUIbIK KaObIHYFa (OCTEOMHUENNT) OTIeC YIIiH OuoamaTuT Herisinae
CHHTETHKAaJIBIK OuMoMarepuangapra Typii KaOblHyFa Kapchl acepi 0ap Kocmamap eHridy apKbUIbl e3repTy
e3ekTi Macene Gonbin TabbuTaAbl. OChl MOceNeHi eyl OHOMOTHsUIIBIK CyHeK TiHIHIH MHHepalabl OesirHue
ruapokcuanatut (I'AIT) 6ap MBIPBIII, KYMiC )KoHE MapraHel] CHsAKTHI i3 METalsl HOHIAPbIH KOCY OOIybl
MYMKiH. OHBIH OakTepHsFa Kapchl KaCHETTEPiH MBIPBII MOHAAPBIH KOCY apTTHIpambl. By kyMmsic cyliek
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TiHiHIH KacueTTepiHe xakblH ZnO KOChUIFaH HAHOKYPBUIBIM/BI THAPOKCHANATHUT HEri3iHjeri OnoajanTuBTi
MaTepHal CHUHTE3Jleyre O>oHe KeuleHai 3eprreyre apHamran. Maxkana ZnO kocsurran ['AIl  yHTak
KOMITO3UIMSIIBIK MaTepual JailbIHAay JKOHE 3ePTTeYer] *KaHa HOTHXKENIep/l YChIHA/ABI. 3epTTey KYMbICTAphI
SNIEMEHTTIK KYPaMbIH CAJBICTBIPY MYMKIHAITIMEH JKaOABIKTaNIFaH TPAHCMHUCCHSJIBIK 3JICKTPOHIBIK
MHKPOCKOIIHS, SHEPTHs-IUCIIEPCTIK Tajlgay MyMKIHIIr 6ap CKaHepsey 3JeKTPOH/bl MUKPOCKOITHS apKbLIbI
xyprizinni. Bemmexrepnirn mMopdonorusicel MeH ¢a3anblk skarmaiel 3eprrengi. Ca/P KaThIHAcHl JKanmbl
KaObUIIaHFaH IapaMeTpiiepre coiikec keneni. 3eprrey 6appicsiga I'AIT MosieKyianapsl MbIPBILINCH KalbLUH
aTOMBIH aJIMACThIPa OTBIPBII, XUMHUSUIBIK OailIaHbIC TY3€TiHI aHBIKTAII/IBI.

Kinm co30ep: HaHOKYPBUIBIMIBI OHOMAaTepHaIAApAbl, MBIPBIII OKCHII KOCBUIFaH THIPOKCHAIaTHT,
OGMOKOMITO3UIIMSIIBIK MaTepHanaap.
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DOu3NKO-XUMHYECKHE CBOIICTBA HAHOCTPYKTYPHPOBAHHOLO
TUAPOKCHANIATUTA, JIerHPOBaHHOr0 ZnO

Mopandukanys CHHTETUYECKHX OHOMaTepHantoB Ha OCHOBE OHOaraTHTa pa3iInIHBIMU/J0OaBKaMHU, KOTOPHIE,
B CBOIO O4Yepe/b, UMENIM Obl aHTHOAKTCPHANBHBIA M aHTHCENTHYECKUH S(QGEKT Uil yMEHBHIEHHS pHCKa
TIepeTeKaHust aCENTUUECKOTO BOCIIANICHUS B OaKTepHalbHOE (OCTEOMHUEIINT), SIBISIETCS aKTyaJlbHOH 3a/1aduei.
Penrennem JaHHOTO BOIPOCA MOXKET OBbITh BKJIFOYEHHE CIICJOBBIX HOHOB METAJIOB, TaKKUX KaK LIMHK, cepedpo
u Maprasen, B ruapokcuanatut (I'All), KoTopble MPUCYTCTBYIOT B OMOJOTHYECKOM KOCTHOM MuHepaie. Jlo-
0aByieHHE MOHOB LIMHKA J1aeT BO3MOXKHOCTbH YJIYYIIHTh €ro OMOJOrMYecCKHe XapaKTepPUCTHKH, TaK Kak II0-
CIICJIHHE MCCIIE/IOBaHMs II0Ka3bIBAIOT €ro aHTHOakTepuasbHble CBOMCTBAa. CTaThs IMOCBSIIEHA CHHTE3Y
¥ KOMIDIEKCHOMY HCCJISIOBAaHHIO OMOaJaNTHBHOTO MaTepHalla Ha-OCHOBE HAaHOCTPYKTYPHPOBAHHOTO THPO-
KcHamatuTta ¢ gooasienneM ZnO, IMEIOIIEro CBOMCTBa, OM3kue K KOCTHOM TKaHH. ABTOpaMH IIpejcTaBie-
HBl HOBBIC pE3yNBTAaThl MO MONYYEHHIO M HCCIEIOBAHUIO, KOMIIO3HUTHOTO Marepuana mopomka ['AIT
¢ nobasnerneM ZnO. HccrenoBaHue NHPOBOIMIOCH MeTOJaMH PacTPOBOH HJICKTPOHHOW MHKPOCKOIIHU
C BO3MOXKHOCTBIO ~ 3HEPrOJMCIIEPCHOHHOTO  aHAIN3a, IPOCBEYMBAIONICH SJIEKTPOHHOW  MHKPOCKOIIHH
C BO3MOXKHOCTBIO KAPTHPOBAHMS JIEMEHTHOTO cocTaBa. M3yueHbl Mopgoorus, ha3oBoe COCTOSHUE YACTHIIL.
CoorHomienne Ca/P cooTBeTcTByeT OOIICNIPUHATBIM NapaMerpaM. B xone uccieoBaHHs BBISBICHO, YTO
B CTPYKTYpy Kpuctamia ZnO BHenpsitorcs Modekyisl FAIL 1 00pa3yroT XMMHYECKYIO CBSI3b C 3aMEIeHHEM
aToma Ca.

Knoueswvie cnosa: HAaHOCTPYKTYpHUPOBAHHBIC 6I/IOMaTepI/IaJIbI, THAPOKCHUAIIaTUT C IIO6aBJIeHI/IeM OKCHUJga LUH-
Ka, OMOKOMIIO3UTHBIC Marepualibl.
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