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SUMMARY

Human and animal bone tissue is composed of the protein and mineral components such as calcium hydroxyapatite.
Chemically synthesized hydroxyapatite, a highly dense crystalline material is used to fill bone defects during surgical treatment
in traumatology and orthopedics, dentistry, and maxillofacial surgery. Nano crystalline form of hydroxyapatite calcium has
another organizational structure with other methods of hydroxyapatite synthesis, a method of applying various implants to
the surface, biocompatibility, toxicological and allergenic manifestations, mainly used for coating implants, dental cements
and medical pastes due to its high bioactivity and the possibility of creating composite materials on its basis [1]. This paper
describes the process of synthesis of hydroxyapatite with the method of calcination using the egg shell of birds as a biological
raw material. Electron microscopy studies showed that the resulting powder is a single-phase, thermally stable up to 900 ° C and

morphologically homogeneous. The globules are composed of nano crystals with average size of around 50 nm.
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According to the World Health Organization, the de-
velopment of the technogenic sphere severely damages the
human health. In particular, the bone tissue is one of the
most vulnerable structures of the body. It is well known
that human and animal bone tissue consists of a protein
matrix, individual for every biological individual, and a
mineral component composed of an inorganic calcium and
phosphorus compound, calcium hydroxyapatite The use of
chemically synthesized hydroxyapatite to fill bone defects
during surgical treatment started in the late 70s of the XX
century and is widely used at the present. This material
is widely used in the modern traumatology, orthopedics,
dentistry and maxillofacial surgery. Calcium hydroxyapa-
tite, currently used to fill bone tissue defects, is basically
a dense, highly crystalline material that withstands signifi-
cant mechanical stresses by introducing hardening addi-
tives. Upon creating implants based on hydroxyapatite,
researchers studied deeply methods of hydroxyapatite syn-
thesis and its application to different surfaces of various
implants, biocompatibility, toxicological and allergenic
manifestations, but its structural organization was poorly
investigated. For coating implants, dental cements and
medical pastes, the nano crystalline form of hydroxyapa-
tite is used due to its high bioactivity and the possibility of
creating composite materials on its base. [1]

Experimental part

HAP was synthesized by calcination using a biologi-
cal source - the egg shell of birds. Electron microscopy
studies showed that the resulting powder is a single-phase,
thermally stable (up to 900 ° C), morphologically homoge-
neous and is composed of 4-5 pm globules, which in turn
are consist of nanocrystals of the size of around 50 nm.

A distinctive feature of our technique is obtaining of
one of the basic components of the reaction - calcium ox-
ide (CaO) during the processing of the eggshell. The egg
shell is used as a main material because it is composed of
calcite - CaCO3 for 95%. The remaining is an organic mat-
ter - several layers of interlacing protein fibers and various
mineral salts (<1%), placed similar to calcite, on the sur-
face of these protein fibers. On heating, CaCO3 decom-
poses into CaO and CO2:

CaCO,— CaO+CO, (T=900°C) @)

Prepared shell, containing CaCO3, was washed and
calcined at 900 ° C. After 30 minutes, the color of the egg
shell turned into black, and upon further 3 hours it became
white. The color change showed that most of the organic
materials were burned. The powders were crushed in an
agate mortar followed by an exothermic reaction with
phosphoric acid. Further details of the mixing procedure
and powder preparation are presented in Table 1.

Table 1. Calcination of the eggshell

Samples Eggshell, % H,PO,, % Ball mill,|Parameters
hours
TC hours
A 50 50 10 - -
AS 50 50 10 900 2
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After calcination at 900 ° C for 3 hours, the resulting
CaO oxide forms Ca (OH) 2 after reacting with the sur-
rounding atmospheric air.

Ca0 + (air) — Ca(OH), 2)

The obtained calcium hydroxide Ca (OH) 2 was titrat-
ed at the room temperature with a solution of orthophos-
phoric acid H3PO4 (70%) to produce hydroxyapatite.
10Ca(OH), +6H,PO,— Ca, (PO,)(OH),+18H,0 3)

LU, amd CaHIND,

Upon that, the obtained hydroxyapatite was grounded
in a ball mill. The samples were dried at 400 ° C for an
hour for further analysis. It should be noted that the en-
tire process of hydroxyapatite preparation, depending on
the concentration of the initial reagents, can take different
time, and the process does not require special conditions or
additional inhibitors. [4]

Results and discussion

Characteristics of the obtained samples of HAP were
studied by using a complex of flow and spectral methods.
Thus, impurities of the initial shell were studied with X-
ray phase analysis (XRD) and electron microscopy.
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Figure 1. X-ray diffraction patterns of powder samples. (a) shell calcite at 900 ° C in 3 hours and reacting with air, (b) Ca
(OH) 2 product with phosphoric acid [3]
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Figure 2. Electron microscope images of (a) shell calcite at 900 ° C after 3 hours, (b) the resulting product of Ca (OH) 2
with phosphoric acid. [3]

In the future, it is planned to use electrospinning to apply hydroxyapatite on to the surface of a polymer base. Elec-

trospinning is a method of obtaining fine fibers using an
electric field. Electrospinning is a well-known method for
creating nano and micro polymer fibers. Synthesis of hy-
brid ceramic polymer nanofibers using electrospinning is
a major breakthrough in the field of biotechnology associ-
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ated with nanoproduction. A polymer solution represents
the classical starting composition for the production of the
fiber.

A scheme for the installation of conventional electro-
spinning is provided below [3].

47



KA3AXCKW MELIILIAHCKWI |
YHUBEPCUTET HEMPEPLIBHOMO
OBPA30BAHNA

BectHuk ATYB Ne4, 2017

Polymer solution

Proshyrmes sodhultin

"

‘E“
i

Fitwr muk
it il @i O

Figure 3. Standard Electrospinning Unit

The principle of electrospinning device is simple: a
polymer solution is mechanically squeezed out of a sy-
ringe. From the tip of this syringe needle, on which ad-
ditional high voltage is applied, a stream of the solution
emerges. Then, as the stream progresses, the solvent is
evaporated, and the remaining material, which is a form-
ing fiber, is collected at the second high voltage electrode.

Figure 4 shows the 3D synthesis of porous fibrous
frameworks. Nano-HA (nano-hydroxyapatite) powder was
synthesized from the raw materials. The resulting n-HA
powder was added to acetic acid, forming 9.38% w / v so-
lution. This solution was then mixed with cellulose acetate
(AC) solution and this mixture was further dissolved in
acetone to form a 15% w / v composition. The mixed solu-
tion (71-29% acetone / acetic acid) was introduced into a
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Figure 4. Electrospun principles

standard vertical electrospinning unit and electrospun was
conducted under the following conditions: flow rate 9.6 ml
/ h, voltage 19 kV and distance 10 cm from the needle to
the manifold [3,7-8].

Conclusion

Thus, based on the results obtained, the following con-
clusions can be drawn:

1. Hydroxyapatite was experimentally synthesized
from the egg shell of birds.

2. Phase composition of the obtained hydroxyapatite
was studied.

3. Using electrospinning method on hydroxyapatite
base will allow obtaining a material for effective replace-
ment and regeneration of the bone tissue.

1. Benskora E.I'. TexHomorust rupoKkcHanaTuta Kaubiys - crumystopa// EkarepunOypr. 2002. - Ne 5. - C. 183.

2. J. JI. Tonomanog, B. M. Kamkapos, H. A. Pymsnuesa, I1. B. Cepeaun, A. C. Jlensmun, b. JI. Aranos, 2. II.
Jomaresckas// KonneHcupoBaHHbIe cpe/ibl U Mex(a3Hbie rpaHuilbl, Tom 13, Ne 4, C. 427—441

3. Csaba Balarzsia, Ferenc Werbera, Zsuzsanna KoEverra, Eniko Horvarthb, Csaba Nermeth // Preparation of
calcium—phosphate bioceramics from natural resources. Journal of the European Ceramic Society 27 (2007) 1601-1606

4.  P. Gouma, R. Xue, C.P. Goldbeck, P.Perrotta, C. Balazsi / Nano-hydroxyapatite — Cellulose acetate composites
for growing of bone cells. Journal of the European Ceramic Society

5. Ramesh S., Tanb C. Y., Hamdib M., et al. // International Conference on Smart Materials and Nanotechnology

in Engineering. 2007. V. 6423. 64233A. P. 1—o6.

6. Ilnax A.I1., Kap6osckuii B.JI., TpaueBckuii B.B. Anarntsl. Akanem.nepuonuka, 2002. C. 414.
7.  Murugan R., Ramakrishna S. // American Journal of Biochemistry and Biotechnology. 2007. V. 3. Ne 3. C.

118—124.

8. Rey C., Combes C., Drouet C., et al. / Material science and engineering. 2006. P. 1—38.

9. Enemecosa X.K., bonbiko [1.V., JladbbiHoB b.M., Temupbace M.A., Anues E.T., Maucypos 3.A. [Toxyuenue
HaHO KPUCTAJUIMYECKOTO T'HIPOKCHAINIATUTa M3 TPHPOIHBIX PECYpCOB Uil pereHepanuu KocTHoW Tkanu. VIII
MEXAYHApOIHBIH cUMIIO3nyM «®Du3nka U XUMUS yIIIEPOAHBIX MaTepraioB/HaHo uHxeHepus», C.171-172, CentsiOpb

17-19, 2015, Anmarsl.

48

*mtemirbayev@mail.ru



Paszpgen |. KnuHnyeckne acnekTbl 34paBoOXpaHeEHNs

AHHOTALNA

KocTHasA TKaHb YefioBeka 1 >KMBOTHbIX COCTOUT 13 GENKOBOM MaTepun U MUHEPanbHON COCTaBAIOWEN, TMAPOKCManaTUTa
Kanbuus. XMMUECKN CUHTE3MPOBaHHBIN MMAPOKCUMANATUT, MOTHDIA BbICOKO KPUCTANNNUECKN MaTepua, NCMoMb3yeTcs AaBHO
ON15 3anonHeHns aedeKToB KOCTH B MPOLIECCE XMPYPriYecKoro IeYeHrs B COBPEMEHHON TPaBMaTONOrMK 1 OpTOneamnin, CTOMa-
TONOMK, YENIOCTHO-NNLLEBOI XMPYPrin. HaHo KprcTananyeckas Gopma ruapoKcuanaTiTa KanbLms MeeT Jpyryto CTPYKTYPHYIO
OpraHv3auuio ¢ APYrMMn METOAaMMN CUHTE3a MMAPOKCMANaT1Ta, CnocoboM HaHeCeHVsi Ha MOBEPXHOCTb Pa3fINYHbIX UMMJIaHTa-
TOB, 6IOCOBMECTUMOCTbBIO, TOKCMKOMOrMUYECKUMU 1 afifiePreHHbIMU NPOABNEHNAMI, B OCHOBHOM MCMOSb3YeTCA A4St MOKPbITUN
WMMNAHTATOB, 3y6GHbIX LIEMEHTOB 1 MEAULIMHCKMX MACT 13-3a BbICOKOW BMOAKTUBHOCTY JAHHOIO COEAUHEHUA 11 BO3MOXHOCTbIO
CO3[aHNA KOMMO3MLMOHHbIX MaTepurasioB Ha ero ocHose. [1]

B paHHoW paboTe Nogpo6HO OMMCaH NPOLECC CUHTE3a rMAPOKCMANaThTa METOAOM KasbLMHMPOBAHMUSA C UCMOSIb30BaHNEM
6M1OMIOMMYECKOro NCTOYHMKA — AUYHON CKOPAYMbl NTUL. iccnefoBaHus, MpoBeAeHHble METOAAMM SNEKTPOHHON MUKPOCKOMINK,
MoKa3sasnu, YTo MoyyYeHHbIN NOPOLLIKOOOPA3HbIN MaTepyrian B BAe rnobysn MUKPOHHbIX PasmepoB (4—>5 um) Aensetcs ogHodas-
HbIM, TEPMUYECKM CTabusibHbIM A0 900° C, MOP(ONIOrnyYecky O4HOPOAHbIM. [106Ysbl COCTOAT M3 HAHO KPUCTANIOB CO CPEAHVMMA
pasmepamu nopsaKka 50 HM.

KnioueBble cnoBa: AvyHas CKOPIYMa, HAHO KPUCTASIIMYECKUI TMapoKcManaTuT

TYAIHAI

Apam MeH aHyapnapablH CyNeK TiHi KaibLunii r’mapoKCManaTUTIH KypanTbiH akybl3 MaTepuafaH XaHe MUHepanaaH Typagbl.
XvMUANbIK CUHTE3[eNITeH rMAPOKCManaTuT, XofFapbl TbIFbI3AbIKTbI KPUCTa MaTepran 3amaHayu TpaBmaTonoruaga, oprorie-
[VA, CTOMATONOrMAAR, XKaK-0eT XMpypruacbiHAaFbl XMPYPruanbik emaey yaepiciHe cyiek akaynapbiH TONTbIPY YLWiH OypbIHHaH
KonAaHbinazbl. Kanbuuii rmapoKcManaTuTiHIH HaHOKpUCTangblk Typi 6acka rmapokcuanaTuT cuHTe3i apicimeH 6ackala
KYPbINbIMABIK YibIMbl 6ap, 6uoyinnecimainiri, TOKCUKONOTMANBIK XJHe annepreHfi KepceTinimi 6ap spTypni MMMnaHTaTTapAbl
6eTiHe XaFy TaCiniMeH, Heri3iHeH aTasiFaH KOCbIbICTbIH >KOFapbl 6MOGENCEHAINIr »KoHe COHbIH Heri3iHae KOMNO3UUUANbIK MaTe-
priangapgabl Kypy MyMKiHAiriHe 6ona nMnnaHTaTTapapl, TiC LEMEHTTEPI MeH MeAnLMHabIK NacTanapAbl *aby yLiH KongaHbinaabl
[l

Ocbl XKyMbICTa GONOTUANBIK HEri3 — KyCcTap »YMbIPTKACbIHbIH KabbIFbiH NaliganaHa oTbipbin, KanbUnneHaipy agiciveH ru-
APOKCManaTnT CUHTEe3i yaepici erken-Terkenni cmnaTransaH.

DNeKTPOHAbl MUKPOCKONWA SAICIMEH XKYPri3inreH 3epTTeynep anblHFaH MUKPOHAbI Meswepi (4-5 um) 6onatbiH rnobyn
TypiHAeri yHTaK Topi3ai matepuangpbi 6ip daszanbl, 900° C geitiH TepMUANbIK TypakTbl, Mopdonormanbik 6ipTekTi 6onbin Tabbina-
TbIHbIH KepceTTi. [nobyngap opTalua mesnwwepi 50 HM 60n1aTbiH HAaHOKPYCTaNAapAaH Typaabl.

KinT ce3pep: )KyMbIpTKa Kabblfbl, HAHOKPUCTaNAbl TMAPOKCManaTuT
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