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beorpan

[Ipenmer: 3axTeB 3a NOKpeTame MOCTYNKa 3a peu3dop y 3Bambe MCTpaKMBaya capajHHKa
Maructpa Texuuukux Hayka 3opana CrojanoBuha

HAYYHOM BERY HHCTUTYTA TEXHUHYKHUX HAYKA CAHY

Monum Bac na, y ckmany ca IlpaBHIHMKOM O MOCTYNKY W HAuMHY BpPEIHOBama, U
KBAaHTHTaTMBHOM HCKa3MBalby HAy4YHOMCTPaXKMBA4YKUX pesyiarara ucrtpakuBaya (Cia. I'nacHuK
PC, 6p. 38/08). u IlpaBuiHMKOM O CTHL@ky 3Bamba HMCTpaxKuBau capaianuk, Hayuno Behe
Hucturyra Texnmukux Hayka CAHY nokpene mocrtymak 3a peu30op y 3Bame HMCTpaKMBay
capajHMK.

3a 41aHOBE KOMHCH]E 3a IPUITPEMY M3BellTaja Hay4YHOM Behy npejiiakeM:

- 1p Henan Urwarosuh, Hayunu caBeTHUK MHCTHTYTa TexHHUKHX Hayka CAHY
- 1ap Cmuspa MapkoBuh, BuIM HaydHH capaJHuK MHCTHTYTa TexHu4kux Hayka CAHY

- 1p Marnanena CreBaHoBul, BUIIN Hay4yHH capaaHMK MHCTHTyTa TEXHHUYKUX HayKa
CAHY

VY npusory nocTaBibam:

1. Guorpadujy

2. bubnmorpadujy ca KONHMjoM NpBe cTpaHe nmyOIuKanuja
3. OTBpAY O NpHjaBH TeMe JOKTOPCKOT pajia

4. TUIIIOMY 3aBPIIEHUX OCHOBHHUX CTY/IHja

5. MIIoMy 3aBpLUIEHUX MarucTapcKux CTyauja

VY beorpany: [TosHOCH 1Al 3aXTeBa:
15.05.2013. 3opan CtojanoBuh, Marucrap TeXHHYKHX HayKa

Uctpaxusau capaguuk UTH CAHY

/]
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Buorpadmuja 3opan CrojanoBuh

3opan CrojanoBuh pohen je y Bpmmry 02. mapta 1978. roaure. e je 3aBPIIHO OCHOBHY IITKOY
u ['mvuasmjy. lummiomupao je jyHa 2004. rommHe Ha TexHONOMIKO — MeTalnypiIKoM (akyiTery y
Bbeorpany na Katenpu 3a XeMHjCKO HHXEHEPCTBO ca TEMOM ,,J[MHaMuKa afcophuuje/necopnuuje Baare
13 Ba3llyxa Ha IIAKOBAHOM CJIOjy 3€0JIUTA", YUME j€ CTEKAaO 3Bambe NUIIOMHPAHH HMHKEHEP TEXHOJOTH]E.
Maructpupao je Ha uctoM (akyntery Ha KaTeapu 3a KOHCTPYKIMOHE W CIICLHjajHE MaTepujaie jyna
2009. ronuHe ca TeMOM ,,XHIpOTepMalHa CHHTE3a HAHOCTPYKTYPHHX OKCHUAHUX NPaxoBa M HHUXOBA
KapakTepu3aluja“, YuMe je CTEeKao 3Baleé MAarkucTpa TEXHHYKUX Hayka. JJOKTOpPCKY Te3y HOJ HacIOBOM
,»llpoydyaBame Ipoleca CHHTe3€ U CBOjCTaBa BHUIIE(pa3HUX OKCHUAHUX IpaxoBa JOOHjEHHX
XUIPOTEPMAIHUM TpolecupameM npujaBuo je jyna 2011. roguHe Ha TeXHONOIIKO — METaIypLIKOM
¢axynrery.

Op 01. mapra 2007. roguHe 3amociieH je Kao HCTpaxuBad y MHCTUTYTY TEXHHUYKHX HayKa
CAHY. Uzabpan je y 3Bame ucTpakmBada capagauka mapra 2010. roamne. Y OKBHpY CTpydYHOT
ycaBpraBama 6opasuo je 2007. ronuuae Tpu Mecena Ha DakynTeTy 3a XeMH]y U XEMH]CKY TEXHOJOTH]Y
Vuusepsurera y JbyOspanu Ha Kartenpu 3a Heoprancky xemujy. Ilopea oBor, mpoBeo je Takohe Tpu
Mecenia 2012. rogurae kao roctyjyhum mcrpaxuBad Ha KopejckoM MHCTHTYTY 3a HAyKy M TEXHOJIOTH]Y Y
Ceyny Ha MHCTYTYTYy 3a OMOMETWITMHCKA HCTpaKWBamba. AHTaXOBaH je Ha MPOjeKTy MuUHHCTapcTBa
HayKe, IPOCBET€ M TEXHOJOIIKOI pa3Boja IO HAa3UBOM ,,MOJEKylIapHO Iu3ajHUpame HaHOYECTHLA
KOHTPOJINCAHUX MOPQOIOUIKAX U PU3UKO — XEMH]CKUX KapaKTepUCTHKA U (YHKIIMOHAIHUX MaTepHjania
Ha FBUXO0BOj OCHOBH™ eBHIEHINOHU Opoj mpojekra MMM 45004 u OumatepaiaHoM IMpojekaTy HaydHE U
TexXHJIOIIKe capaame usMmely Pemybnuke CpOuje n PemyOnuke Cnosenuje 3a nepuoz 2012. — 2013. rox
1oJ, Ha3uBOM ,,HaHOCTpYKTYpHO nu3ajHUpame BUIIE()YHKIMOHATHUX U CHHTEPOBAHMX (PYHKIMOHAIHO
TPaANjEHTHUX EJIEKTPUYHUX U OMOJIOMIKUX MaTepHjaa‘.

OO0nacT HWEroBOr HMHTEPECOBama Cy IMOCTYIIM CHHTE3¢ HAHOYECTUIA METAIHUX OKCHIA,
TUIEMEHUTUX MeTaja, CHJIUIHjyMa, XETEPOCTPYKTYPHHX M XeTepoMOp(HUX HAHOUECTHIA, YOIIITEHO
MpOyYaBame MpoLeca CHHTE3¢ HAHOYECTHIA XUAPOTEPMAaIHUM U COJBOTEPMAIHUM MOCTYIIMMA, Ko U
MOCTYIIMa KOJOUIHE XEMHUjCKE CHHTE3€, eNEKTOPO-XEMHjCKUM U KaTAIUTHYKAM peaklujama.
HctpaxkuBama KojuMa ce 0aBU yKJbydyjy TOBPLIMHCKA CBOjCTBA HaHOKpHCTaNa, (YHKIHUOHATU3AIM]jA U
JIU3ajHApae MOBPIIMHE HAHOKPUCTAla, KObYraldja HAHOYECTHIA ca OHMOMOJIEKYyJIMMa H JAPYTHM
jenumembMa; MPOoyYaBamke OCOOMHA XETePOCTYPKTYHHX HAHOKPUCTAlNa W HAHOYECTHI]A W HHUXOBA
ymoTpeba y MEIUIIMHA, Kao U Y APYTUM 00JIacTUMa, HITp. KOHBEp3Hja CHEepTHje, KaTajln3a 1 CenapanioHu

IPOIIECH.



Cnucak nyoaukanuja u caonmmresa 3opana CrojanoBnha

ucrpaxuspaya capaguukay UTH CAHY

PanoBu y waconucuma ox meljyHapomHor 3Ha4daja (M21):

1. Zoran Stojanovi¢, Mojca Otonicar, Jongwook Lee, Magdalena M Stevanovi¢, Mintai P. Hwang,
Kwan Hyi Lee, Jonghoon Choi, Dragan Uskokovi¢, ,,The solvothermal synthesis of magnetic iron
oxide nanocrystals and the preparation of hybrid poly(L-lactide)-polyethyleneimine magnetic
particles“,  Colloids and  Surfaces  B:  Biointerfaces 109  (2013) 236 — 243
(http://dx.doi.org/10.1016/j.colsurfb.2013.03.053);

2. Ignjatovi¢, N., Ajdukovi¢, Z., Savi¢, V., Najman, S., Mihailovi¢, D., Vasiljevi¢, P., Stojanovi¢,
Z., Uskokovi¢, V., Uskokovi¢, D., ,Nanoparticles of cobalt-substituted hydroxyapatite in
regeneration of mandibular osteoporotic bones*, Journal of Materials Science: Materials in Medicine

24(2) (2013) 343-354 (DOI: 10.1007/s10856-012-4793-1).

3. Stankovi¢, A., Stojanovié, Z., Veselinovi¢, L., Skapin, S. D., Bragko, 1., Markovié, S. and
Uskokovi¢, D., ,,ZnO micro and nanocrystals with enhanced visible light absorption®, Materials
Science and Engineering: B 177(13) (2012) 1038-1045 (http://dx.doi.org/10.1016/j.mseb.2012.05.013);

4, Luki¢, M.J., Veselinovi¢, Lj., Stojanovi¢, Z., Macek-Krzmanc, M., Bracko, 1., gkapin, S.D.,

Markovi¢, S. and Uskokovié, D., ,,Peculiarities in sintering behavior of Ca-deficient hydroxyapatite
nanopowders*, Materials Letters 68 (2011) 331-335 (doi:10.1016/j.matlet.2011.10.085);
5. Luki¢, M., Stojanovié, Z., ékapin, S.D., Macek-Krzmanc, M., Mitri¢, M., Markovi¢, S.,

Uskokovi¢, D., ,,Dense fine-grained biphasic calcium phosphate (BCP) bioceramics designed by
two-step sintering®, Journal of the European Ceramic Society 31(1-2) (2011) 19-27
(doi:10.1016/j.jeurceramsoc.2010.09.00);

6. Tadi¢, M., Citakovi¢, N., Panjan, M., Stojanovié¢, Z., Markovi¢, D. and Spasojevi¢, V.,
»Synthesis, morphology, microstructure and magnetic properties of hematite submicron particles*,

Journal of Alloys and Compounds 509(28) (2011) 7639-7644 (doi:10.1016/j.jallcom.2011.04.117);

7. Veselinovi¢, Lj., Karanovi¢, Lj., Stejanovi¢, Z., Bracko, 1., Markovi¢, S., Ignjatovi¢, N. &
Uskokovi¢, D., ,,Crystal Structure of Cobalt-Substituted Calcium Hydroxyapatite Nano-Powders
Prepared by Hydrothermal Processing®, Journal of Applied Crystallography 43 (2010) 320-327 (doi:
10.1107/S0021889809051395).



http://dx.doi.org/10.1016/j.colsurfb.2013.03.053
http://www.springerlink.com/content/y65481r43552u743/?MUD=MP
http://dx.doi.org/10.1016/j.mseb.2012.05.013
http://dx.doi.org/10.1016/j.matlet.2011.10.085
http://dx.doi.org/10.1016/j.jeurceramsoc.2010.09.006
http://dx.doi.org/10.1016/j.jallcom.2011.04.117
http://dx.doi.org/10.1107/S0021889809051395
http://dx.doi.org/10.1107/S0021889809051395

Pamoru y wacommcuma oa mehyHapomror 3navaja (M23):

8. Zoran Stojanovi¢, Ljiljana Veselinovi¢, Smilja Markovi¢, Nenad Ignjatovi¢ and Dragan
Uskokovi¢, ,,Hydrothermal Synthesis of Nanosize Pure and Cobalt-exchanged Hydroxyapatite*
Materials and manufacturing processes 24(10-11) (2009) 1096-1103, (doi:
10.1080/10426910903032113).

PanoBu y waconucuma o1 HarioHaJIHOT 3aHavaja (M52):

9. Z. Stojanovié, S. Markovi¢, D. Uskokovi¢, ,,Merenje raspodele veli¢ina cestica metodom

difrakcije laserske svetlosti®, Tehnika — Novi materijali 19 (5) (2010).

Caommrema Ha Mel)yHapOJAHUM CKyNOBHUMa ITammana y uzsony (M34):

1. Z. Stojanovi¢, D. Jugovié, D. Uskokovi¢, Hydrothermal Synthesis of Cathode Materials for
Lithium-ion Batteries, The Ninth Yugoslav Materials Research Society Conference YUCOMAT 2007,
September 10-14, Herceg Novi, The Book of Abstracts, page 79, ISBN 978-86-80321-11-0;

2. Z. Stojanovi¢, Lj. Veselinovi¢, S. Markovi¢, N. Ignjatovi¢, D. Uskokovi¢, Hydrothermal
Synthesis of Cobalt-exchanged Hydroxyapatite Nanoparticles, 7The Tenth Annual Yugoslav Materials
Research Society Conference YUCOMAT 2008, September 8-12, Herceg Novi, The Book of Abstracts,
page 159, ISBN 978-86-80321-15-8;

3. Lj. Veselinovi¢, Z. Stojanovié¢, S. Markovi¢, N. Ignjatovi¢, D. Uskokovi¢, XRD Analysys of
Cobalt-Substituted Hydroxyapatite Prepared by Hydrothermal Method, The Tenth Annual Yugoslav
Materials Research Society Conference YUCOMAT 2008, September 8-12, Herceg Novi, The Book of
Abstracts, page 160, ISBN 978-86-80321-15-8;

4. Z. Stojanovi¢, M. Jovi¢, D. Uskokovi¢, Impact of Solvent Mixture Composition and Additive
Presence on LiFePO, Formation in Water-iso-propanol Solutions at Elevated Temperatures and
Pressures, The Eleventh Yugoslav Materials Research Society Conference YUCOMAT 2009, Avgust 31-
September 4, Herceg Novi, The Book of Abstracts, page 91, ISBN 978-86-80321-18-9;

5. M. Jovi¢, Z. Stejanovi¢, Lj. Veselinovi¢, D. Uskokovi¢, Hydrothemal Synthesis of LiFePQO,
Powders as Cathode Material for Li-ion Batteries, The Eleventh Yugoslav Materials Research Society
Conference YUCOMAT 2009, Avgust 31- September 4, Herceg Novi, The Book of Abstracts, page 91,
ISBN 978-86-80321-18-9;


http://www.tandfonline.com/doi/abs/10.1080/10426910903032113#.UYuK7MptMic
http://www.tandfonline.com/doi/abs/10.1080/10426910903032113#.UYuK7MptMic

6. Z. Ajdukovi¢, N. Ignjatovi¢, Z. Stojanovié¢, B. Kali¢anin, V. Savi¢, S. M. Petrovi¢, B. M.
Petrovi¢, J. Mili¢evi¢, D. Uskokovi¢, Treatment of Osteoporosis Alveolar Bone with Cobalt
Substituted Hydroxyapatite Nanoparticles, The Eleventh Yugoslav Materials Research Society
Conference YUCOMAT 2009, 31. Avgust - 4. September, Herceg Novi, The Book of Abstracts, page 188,
ISBN 978-86-80321-18-9;

7. Z. Stojanovié, Lj. Veselinovi¢, M. Jovi¢, A. Stankovi¢, M. Jevti¢, S. Markovi¢, D. Uskokovic,
Laser Diffraction Particle Size Analysis of Non Spherical Particles Synthesized by Hydrothermal
Method, JuniorEUROMAT 2010 24. — 30. July Lausanne Suisse;

8. Z. Stojanovié¢, Lj. Veselinovi¢, S. Markovi¢, D. Uskokovi¢, Synthesis Procedure for the
Preparation of CaCu3TijOq;, YUCOMAT 2010 6. — 10. September, Herceg Novi, The Book of
Abstracts, page 91, ISBN 978-86-80321-25-7;

9. Z. Stojanovié, M. Luki¢, Lj. Veselinovi¢, S. Markovi¢, D. Uskokovi¢, Hydrothermal Synthesis
of Zirconium Substituted Hydroxyapatite, YUCOMAT 2011 5. — 9. September, Herceg Novi, The
Book of Abstracts, page 74.

10. Zoran Stojanovi¢, Miodrag Luki¢, Dragan Uskokovi¢, One — pot synthesis of hydrophobic
hydroxyapatite nano particles, ycmeno msnarame, Tenth Young Researches’ Conference Materials
Science and Engineering 2011, SASA, 21. — 23. December, Belgrade, Program and The Book of
Abstacts, page 2;

11. Z. Stojanovié¢, M. Otonicar, S. Markovi¢, D. Uskokovi¢, Hydrothermal Synthesis of Magnetic
Nanoparticles and Fabrication of Magnetic Composite Particles using Poly(LL — Lactide), mocrep,

koH(pepennnja YUCOMAT 2012 3. — 7. September, Herceg Novi, The Book of Abstracts, page 109;

Caommurema ca cKyna ol HAIMOHAJIHOT 3Havaja mramnaHa y u3soay (M64):

1. Z. Stojanovi¢, K. Zupan, M. Marinsek, J. Macek, D. Uskokovi¢, Uticaj razli¢itih procesa
pripremanja oksidnih prahova na karakteristike Ni/YSZ anodnog materijala za keramicke gorivne
¢elije, VI konferencija mladih istraZivaca — Nauka i inZenjerstvo novih materijala, 24 — 26. decembar
2007. godine, SANU, Beograd, Program i zbornik apstrakata, strana 18;

2. Z. Stojanovié¢, Lj. Veselinovi¢, S. Markovi¢, N. Ignjatovi¢, D. Uskokovi¢, Hidrotermalna
sinteza kalcijum/kobalt hidroksiapatita, VIl konferencija mladih istrazivaca — Nauka i inZenjerstvo
novih materijala, 22 — 24. decembar 2008. godine, SANU, Beograd, Program i zbornik apstrakata, strana
15;



3. M. Jovié, Z. Stojanovié, Lj. Veselinovi¢, D. Uskokovi¢, Sinteza katodnonog materijala
LiFePO, hidrotermalnim postupkom, VII konferencija mladih istrazivaca — Nauka i inZenjerstvo novih
materijala, 22 — 24. decembar 2008. godine, SANU, Beograd, Program i zbornik apstrakata, strana 33;

4. Z. Stojanovi¢, D. Uskokovi¢, Hidrotermalna sinteza keramickih materijala, VIII konferencija
mladih istraZivaca — Nauka i inZenjerstvo novih materijala, 21 — 23. decembar 2009. godine, SANU,
Beograd, Program i zbornik apstrakata, strana 2, ISBN 978-86-80321-22-6;

5. Lj. Veselinovi¢, Lj. Karanovi¢, S. Markovi¢, Z. Stojanovié¢, I. Bracko, N. Ignjatovi¢, D.
Uskokovi¢, Mikrostrukturne i morfoloske promene Kkalcijum/kobalt hidroksiapatita, ViI/
konferencija mladih istraZivaca — Nauka i inZenjerstvo novih materijala, 21 — 23. decembar 2009. godine,
SANU, Beograd, Program i zbornik apstrakata, strana 16, ISBN 978-86-80321-22-6;

6. M. J. Luki¢, Lj. Veselinovi¢, Z. Stojanovi¢, S. Markovi¢, N. Ignjatovi¢, D. Uskokovi¢, Master
sintering kriva nano Kkalcijum hidroksiapatita ( CaHAp), VIII konferencija mladih istrazivaca —
Nauka i inZenjerstvo novih materijala, 21 — 23. decembar 2009. godine, SANU, Beograd, Program i
zbornik apstrakata, strana 17, ISBN 978-86-80321-22-6;

7. M. Jovié, Z. Stojanovié, Lj. Veselinovi¢, D. Uskokovi¢, Hidrotermalna sinteza katodnog
materijala LiFePO, u prisustvu organske komponente, VIII konferencija mladih istrazivaca — Nauka i
inzenjerstvo novih materijala, 21 — 23. decembar 2009. godine, SANU, Beograd, Program i zbornik
apstrakata, strana 27, ISBN 978-86-80321-22-6;

8. Z. Stojanovié, Lj. Veselinovi¢, S. Markovi¢, D. Uskokovi¢, Synthesis and dielectric properties
of calcium copper titanate (CCTO) based ceramics, Ninth Young Researchers Conference — Materials
Science and Engineering 20-22 December 2010, SASA, Belgrade, Serbia, Program and the Book of
Abstracts, page 7, ISBN 978-86-80321-26—4;

9. M. Lukié, Z. Stojanovi¢, Lj. Veselinovié, S. D. Skapin, I. Bracko, S. Markovi¢, D. Uskokovi¢,
The influence of powder characteristics on two-step sintering behavior of hydroxyapatite, Ninth

Young Researchers Conference — Materials Science and Engineering 20-22 December 2010, SASA,
Belgrade, Serbia, Program and the Book of Abstracts, page 11, ISBN 978—86—80321-26—4.



MHCTUTYT 3A HYKJIEAPHE HAYKE
"BUHYA"
HAYYHO BERE
bpoj: 401/14
18. 03. 2010. roaune
BEOT'PAJ

Ha ocHoBy ui. 59., uii. 70. u wi. 82. 3aKoHa 0 HAyYHOUCTPAKUBAUKO]
nenatHoctH (" Cayx6enn raacuuk PC", 6p. 110/05), Ha ceanuuu Hayunoe
éeha Hncmumyma 3a nykieapue Hayke "Bunua' onpxanoj 18. mapta
2010. roauHe, JoHeTA je

ONJYKA
O CTULIABKY HCTPAKUBAUKOI 3BAIbA

Mp 3opaHn CrojaHoBuh

CTUYE UCTPAKUBAYKO 3BaALEC
HCTPA’KUBAY CAPA/THHK

ObPA3/IO/KEIE

Mp 3opan Crojanosuh, capagnuk HMHcTuTyTa TEXHHUKHX HayKa
Cpricke aKajeMuje HayKa U YMETHOCTH, TOKPEHYO je MOCTyNaK 3a u30op y
ucrpaxusadko 3Batbe MCTPAYKUBAY CAPATHUK,

Ha ocnoBy wu3Bemiraja Komucuje 3a oLeHy Hay4YHOMCTPaXUBAUYKOT
paja uMeHoBaHor KaHauaara popmupade on Hayunoe eeha Hucmumyma
"Bunya' v NpUI0KEHOr U300pHOT Marepujaia, yTBpheHo je na mp 3opaH
Crojanosuh  wucnymasa  yciaoBe w3 ul  69. 3akoHa 0
HAyYHOMCTPAXMBAYKO] JEJaTHOCTU 3a CTHUIAmke HMCTPAaXMBAUYKOI 3Barba
UCTPAKHUBAY CAPAJIHUK, na je omnydyeHO Kao Yy JAMCIIO3UTUBY
OJUTyKE.

HPE}ICEIIHI/IK HAYYHOI' BERA
"BUHYA"

LAk

N ﬂp Boﬂm Pa()aK UMWl HAYYHU CAPAOHUK




Univerzitet u Beogradu

- Tehnolosko
Metalurski
I r fakultet

Ha ocnoBy wi. 161. 3akoHa 0 onireMm ynpaBHOM IOCTYIIKY, @ Ha 3aXTeB JIOKTOPaHTa,
YBHJIOM Yy €BHJEHIM]Y KOjoM pacnoiaxe, YHuBep3uter y beorpany-TexHonomko-
MeTalypIIKu (aKyaTeT, u3ziaje

WETANYg,
o q’ﬁr

bpoj: Cn 1
Harym: 12.05.2013.

IHOTBPAY

OBum ce notephyje na je mp 3opan (Cirodopan) Crojanosuh, pohen 02.03.1978.
roquHe 'y Bpumy, mnpujaBuo Temy nokropcke aucepramuje 06.06.2011. roaune Ha
Yuusepsurery y beorpany-TexHoomko-MeTamypmkoM GpakyiTery.

HacraBao-nayuyno Behe ®akynrera goneno je Omiyky Op. 35/394 ox 20.12.2011.
roguHe o oxo0pemy H3paje JIOKTOpCKe aucepranuje, a Behe mnayunux oOnactu
YuuBep3utera y beorpany aano je cariacHOCT Ha IpeAIor TeMe NOKTOPCKE JMCEpTaluje
Omnykom 02 6poj: 06-162/12-12 na cequumm ox 30.01.2012. roxune

[loTBpaa ce U31aje Ha 3aXTeB JOKTOPAHTA pa/id KOHKYpPHCarba 3a H300p y 3Bame.

CEKPETAP

Karnegijeva 4, P.P. 3503, 11120 Beograd, Tel: 3370-460, Faks: 3370-387
Tekudi radun: 840-1441666-69, PIB: 100123813

[]] web:http:/fwww.tmf.bg.ac.rs

47 e-mail: tmf@tmf.bg.ac.rs



PEITYBJIMKA CPBUJA

VYHUBEP3UTET YV BEOT'PA/LY
TEXHOJIOUIKO - METAJIYPIIKH OAKVIITET

TUTJIOMA

O CTEHEHOM AKAZIEMCKOM HA3UBY
MATUCTPA HAYKA

CTOJAHOBHh (Caobonan) 30PAH

POBEH 02.03.1978. TOAUHE ¥V BPLILY, OIMIITHUHA BPIIALL, PEITYBJIMKA CPBHIA,
YIIUCAH JE 2004/05. IOKOJICKE TI'OOAWHE HA ITPBY TI'OAWUHY MATUCTAPCKHUX
CTYINJA HA TEXHOJIOHIKO - METAJIVPLLIKOM ®AKVIITETY ¥V BEOI'PALLY, A JIAHA
15.07.2009. TOOAUHE OJBPAHHUO JE MATUMCTAPCKY TE3VY IIOJA HA3HWBOM
SXUNPOTEPMAJIHA CHHTE3A HAHOCTPYKTYPHUX OKCHUIHUX I[IPAXOBA U
BUXOBA KAPAKTEPU3AIIUJA”.

HA OCHOBY TOI'A U3NAJE MY CE OBA JUITJIOMA O CTEUEHOM AKAJIEMCKOM
HA3UBY

MATUCTPA TEXHUUKNX HAYVKA

Pensu Opoj U3 eBuacHIMje 0 U3aaTHM AHIUIOMama: 948

VY Beorpany, 16. jyna 2009, rogune

JIEKAH PEKTOP
P ol ' /

/ 5 o
N /-ﬁ/‘“
Tpod. np Hpau nosuh % pod. np Bpanko Kosauesuh
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CPEHIA H LIPHA TOPA
PENYEAHKA CPEHIA

TEXHOAOLUKO-METAAYPLUKH dAKYATET
YHHBEP3HTET Y BEOrPAAY

AHTIAOANA

0 CTEYEHOM BHCOKOM OBPA3OBAHY

Citiojarobu Cavdogarn Soparn

POBEH-A 02.03. 1978 TOAMHE Y BPLILY, ONIITHHA RPIIALL
PENYEAHKA CPEHIA, CUT

YNHCAH-A  1997/98  TOAHHE, A AAHA 15.06.2004 MOAHHE 3ABPLUHO-AA
JE CTYAHIE HA TEXHOAOLLKO-METAAYPILKOM dAKYATETY HA OACEKY:
XEMHICKO HHKREHEPCTRO

CA OMWTHM YCnExom 8,05¢ 0CAM H 05/100 ) Y TOKY CTYAHIA H
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We report a simple and green procedure for the preparation of magnetic iron oxide nanocrystals
via solvothermal synthesis. The nanocrystal synthesis was carried out under mild conditions in the
water-ethanol-oleic acid solvent system with the use of the oleate anion as a surface modifier of
nanocrystals and glucose as a reducing agent. Specific conditions for homogenous precipitation achieved

in such a reaction system lead to the formation of uniform high-quality nanocrystals down to 5nm

Keywaords:

Magnetic iron oxides
Nanocrystals
Solvothermal synthesis
Surface functionalization
Polyethyleneimine
Poly(t-lactide)

in diameter. The obtained hydrophobic nanocrystals can easily be converted to hydrophilic magnetic
nanoparticles by being immobilized in a poly(i-lactide)-polyethyleneimine polymeric matrix. These
hybrid nano-constructs may find various biomedical applications, such as magnetic separation, gene
transfection and/or magnetic resonance imaging.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The high magnetic susceptibility and superparamagnetism
found in iron oxide nanoparticles of magnetite (Fe304) and its
oxidized form, maghemite y-(Fe;03), have propelled their use in
various technological fields, e.g. molecular and cellular magnetic
resonance imaging [1], magnetic force-assisted delivery [2], vari-
ous separation techniques of cells, proteins, viruses, etc. [3-5], AC
magnetic field cancer treatment [6], data storage [7], catalysis and
adsorbent recovery [8,9], magnetorheological shock absorbers and
seals[10,11] are only some of its applications in the biomedical and
technical fields.

The physical properties of nanocrystals, and those of iron oxide
in particular, are strongly related to their size and shape. In other
words, the production of monodisperse high-quality nanocrystals
is crucial for scientific research and applications [12,13]. Advances
made in high-temperature reactions using organic solutions have
led to the production of high-quality monodisperse superpara-
magnetic iron oxide nanoparticles smaller than 20nm [14,15].

* Corresponding author. Tel.: +381 11 2636 994; fax: +381 11 2185 263.
E-mail address: dragan.uskokovic@itn.sanu.ac.rs { D. Uskokovit).

0927-7765/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.colsurfb.2013.03.053

Although methods based on aqueous solution co-precipitation
are advantageous; they confer hydrophilicity to the synthesized
nanoparticles; they are non-toxic, cost-effective, and energy-
efficient; but they still do not yield high-quality nanocrystals [16].
The microemulsion method is another approach that has shown to
be efficient in the synthesis of a wide variety of magnetic nanopar-
ticles but one that is hampered with relatively high polydispersity,
and inefficient and non-economic synthesis [17].

Hydrothermal and solvothermal synthesis approaches are based
on chemical reactions at elevated temperatures and pressures ran-
ging from ambient temperatures and pressures to above critical
conditions. They cover a wide range of chemical and thermody-
namic parameters, making them a powerful tool for materials
processing in a very broad sense [18,19]. Recent achievements
in the solvothermal synthesis of monodisperse nanocrystals are
related to a variety of nanocrystals with hydrophobic properties
synthesized using different ligands composed of long aliphatic
chains and polar coordinating head groups [20]. Magnetite and
other ferrite compounds are among those produced using a similar
solvothermal liquid-solid-solution (LSS) strategy [21,22]. Sev-
eral groups have reported the synthesis of iron oxide NPs by
hydrothermal method. However, despite distinct efforts to find
appropriate ligands to synthesize monodisperse nanocrystals in
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Abstract Indications exist that paramagnetic calcium
phosphates may be able to promote regeneration of bone
faster than their regular, diamagnetic counterparts. In this
study, analyzed was the influence of paramagnetic cobalt-
substituted hydroxyapatite nanoparticles on osteoporotic
alveolar bone regeneration in rats. Simultaneously, bio-
compatibility of the material was tested in vitro, on
osteoblastic MC3T3-El and epithelial Caco-2 cells in
culture. The material was shown to be biocompatible and
nontoxic when added to epithelial monolayers in vitro,
while it caused a substantial decrease in the cell viability as
well as deformation of the cytoskeleton and cell mor-
phology when incubated with the osteoblastic cells. In the
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course of 6 months after the implantation of the material
containing different amounts of cobalt, ranging trom 5 to
12 wt%, in the osteoporotic alveolar bone of the lower jaw,
the following parameters were investigated: histopatholo-
gical parameters, alkaline phosphatase and alveolar bone
density. The best result in terms of osteoporotic bone tissue
regeneration was observed for hydroxyapatite nanoparti-
cles with the largest content of cobalt ions. The histological
analysis showed a high level of reparatory ability of the
nanoparticulate material implanted in the bone defect,
paralleled by a corresponding increase in the alveolar bone
density. The combined effect of growth factors from
autologous plasma admixed to cobalt-substituted hydroxy-
apatite was furthermore shown to have a crucial effect on
the augmented osteoporotic bone regeneration upon the
implantation of the biomaterial investigated in this study.

1 Introduction

Osteoporosis is a metabolic disease that affects millions of
people around the globe. It is a progressive, systemic
skeletal disease characterized by low bone density and
micro-architectural bone damage, with the consecutive
increase in bone fragility and susceptibility to fracture [ 1].
Osteoporosis of cancellous bone leads to thinning of tra-
beculae, widening of marrow and decreased bone density
in the center of the bone, while in the cortical region
overall thinning occurs at the periphery [1-3]. One of the
approaches for treating osteoporosis in oral and maxillo-
facial areas has involved implantation of different types of
biomaterials [3-7]. The quest for materials performing
better than those currently in use is, however, ongoing,
with a special focus on nanoparticulate biomaterials.

@ Springer
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In this paper, we investigate the effect of the particle size and morphology on the optical properties
of ZnO. A series of ZnO micro and nanocrystals were synthesized by the hydrothermal processing of
zinc acetate dihydrate and sodium hydroxide as the starting materials, and polyvinylpyrrolidone (PVP)
as the polymer surfactant. The particle size and morphology were tailored by adjusting the reactant
molar ratios [Zn?*]/[OH-], while the reaction temperature and the time remained unchanged. X-ray
diffraction (XRD), transmission electron microscopy (TEM), selected area electron diffraction (SAED)

gf::ﬁ;ﬁfe and high-resolution TEM (HRTEM) have shown that the micro and nanocrystals have a high crystalline
Hydrothermal synthesis pure wurtzite-type hexagonal structure with nanosized crystallites. The size and morphology of the
Morphology Zn0 micro and nanocrystals were investigated by field emission scanning electron microscopy (FE-

SEM), which showed a modification from micro-rods via hexagonal-faceted prismatic morphology to
nanospheres, caused by simple adjustment of the reactant molar ratio [Zn2+]/[OH-] from 1:1 to 1:5. The
optical properties of the ZnO micro and nanocrystals, as well as their dependence on the particle size
and morphology were investigated by Raman and ultraviolet-visible (UV-vis) diffuse reflectance spec-
troscopy (DRS). The UV-vis spectra showed that the modification of the particle size and morphology from
nanospheres to micro-rods resulted in increased absorption, and a slight red-shift of the absorption edge
(0.06 eV). Besides, the band gap energy of the synthesized ZnO micro and nanocrystals showed the red
shift (~0.20 eV) compared to bulk Zn0. According to the results of a Raman spectroscopy, the enhanced
visible light absorption of the ZnO micro and nanocrystals is related to two phenomena: (1) the existence
of lattice defects (oxygen vacancies and zinc interstitials), and (2) the particle surface sensitization by
PVP.

Optical properties

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Zinc oxide (Zn0) is a versatile, multifunctional material fre-
quently used in high technology such as optoelectronic and
electroluminescent devices, UV lasers, solar cells, piezoelectric
transducers and gas sensors [1-5]. In addition, ZnO finds appli-
cation in the areas like rubber industry and plastic processing,
cosmetics and pharmacy; it is also used as an antimicrobial agent
[6-14]. In many cases, the application of ZnO is based on its direct
wide band gap (3.37eV) and the large excitation binding energy
(60 meV) at room temperature [1]. However, an energy gap of
3.37¢eV (368 nm) means that ZnO can only absorb UV light [15].
Since solar visible light is a source of clean and cheap energy, while
UV light makes no more than 3-5% of the total sunlight, ZnO-based
materials capable for visible light photocatalysts are highly desir-
able [16]. Several approaches have been applied with the aim of

* Corresponding author.
E-mail address: Smilja.Markovic@itn.sanu.ac.rs (5. Markovic).
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changing the optical absorption properties and improving the visi-
ble light photocatalysis; they include the incorporation of transition
metal ions into the crystal structure of a ZnO powder (since the
presence of various intrinsic defects can give rise to deep acceptors
or shallow donors and produce a red shift of the band gap [17]),
the treatment of ZnO powders by applying hydrogen plasma tech-
nology to create a new absorption band in the visible-light region
through the formation of oxygen vacancies, surface sensitization of
ZnO particles to extend the spectral response into the visible region,
etc.

Since the optical properties of materials are determined by
the phase purity, homogeneity, particle size, morphology, as
well as crystallinity, the possibility to control the synthesis
process is of utmost importance. Several techniques such as
precipitation [ 18], sol-gel process [19], spray pyrolysis [20], hydro-
thermal/solvothermal synthesis [21], mechanochemical [22], and
microwave-hydrothermal processing [23] are used for the prepa-
ration of ZnO materials with a controlled morphology. Among
them, hydrothermal synthesis is the most attractive especially due
to the fact that it allows perfect control of purity, crystallinity,
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We report unusual sintering behavior of Ca-deficient hydroxyapatite processed with different heating rates; par-
ticularly, faster heating resulted in higher densification. We hypothesize that faster heating delays formation of
[3-tricalcium phosphate which yields to unobstructed densification in intermediate sintering stage, allowing fur-
ther tailoring of both microstructure and phase composition (hydroxyapatite/tricalcium phosphate).

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Biphasic calcium phosphate (BCP) ceramics, composed of bioac-
tive hydroxyapatite (HAp) and bioresorbable 3-tricalcium phosphate
(B-TCP), is widely used as hard tissue implant material in the various
forms, but it is limited to the non-load bearing application due to the
inherent brittleness of ceramic materials. Since the sintering process
could improve mechanical properties of materials, knowing of sinter-
ing behavior and possibility to control it over the wide range of time-
temperature conditions is very important. Final properties of BCPs are
strongly influenced by density, grain size, phase composition and
crystallinity, so the appropriate processing should yield to the desired
final product. By manipulating of HAp/B-TCP ratio, bioreactivity of
BCPs could be created, providing dynamic interface and inducing for-
mation of biological carbonated-HAp [1,2]. BCPs can be obtained
through physical mixing of HAp and 3-TCP, but also through heating
or sintering of Ca-deficient HAp (CdHAp) above certain temperature
[3.4].

In the studies of producing BCPs through sintering of CdHAp ma-
terials, there is no unique opinion concerning the temperature and
extent of phase transformation, and its overall impact on sintering
behavior. It is accepted that final HAp/R-TCP ratio is determined
by the initial Ca-deficiency and sintering temperature [1]. Wide

* Corresponding author. Tel.: +381 11 2636994; fax: +381 11 2185263.
E-mail address: miodrag.lukic@itn.sanuac.rs (M.]. Lukic).
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temperature range for phase transformation is reported, but main-
ly higher than 700 °C. The amount of B-TCP increases with Ca-
deficiency and new phase formed hinders further sintering of
HAp matrix [4-8].

According to our best knowledge there is no detailed study on heat-
ing rate influence on densification of CdHAp and its phase composition.
The aim of this study was to correlate the results of sintering behavior
with the phase transformation happening during thermal treatment
of CdHAp.

2. Experimental part

The CdHAp powder with precursors Ca/P ratio of 1.63 was pre-
pared according to previously published procedure [9]. The phase
analysis of the initial and thermally treated powders and pellets
was carried out by X-ray diffraction (XRD) using a Bruker D8 instru-
ment. The FTIR measurement was performed on BOMEM (Hartmann
& Braun) spectrometer using the KBr pellet technique, in the spectral
range of 400-4000 cm~!. The particle size distribution was deter-
mined by the particle size analyzer Malvern Instruments Mastersizer
2000. The morphology and Ca/P ratio of the powder as well as micro-
structure of the sintered pellets were analyzed by field emission scan-
ning electron microscopy (FE-SEM, Supra 35 VP, Carl Zeiss) equipped
with energy dispersive spectroscopy (EDS, Inca 400, Oxford Instru-
ments). Primary particle size and morphology were investigated by
transmission electron microscopy (TEM, JEOL 2100, operating at
200 kV). The synthesized nanopowder was uniaxially pressed into
pellets of @ 6 mm, 3 mm height and 55% of theoretical density. Non-
isothermal sintering was done in heating microscope (New Heating
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Abstract

In this study. dense, fine-grained biphasic calcium phosphate bioceramics were designed via the two-step sintering method. The starting powder
was nanosized calcium-deficient hydroxyapatite, whose phase composition, average particle size and morphology were characterized by XRD,
FTIR, Raman spectroscopy, laser diffraction and FE-SEM. The phase transformations of the initial powder during heating up to 1200 °C were
examined using TG/DSC. At first, conventional sintering was performed and the recorded shrinkage/densification data were used to find out the
appropriate experimental conditions for two-step sintering. The obtained results show that two-step sintering yields BCP ceramics, consisting of
hydroxyapatite and B-TCP. with full dense, homogeneous structure with average grain size of 375 nm. Furthermore. BCP ceramics obtained by
the two-step sintering method exhibit improved mechanical properties. compared to conventionally sintered BCP.

© 2010 Elsevier Ltd. All rights reserved.

Keywords: Grain growth: Microstructure-final; Apatite: Two-step sintering

1. Introduction

Synthetic calcium phosphate ceramics (CaP) are widely stud-
ied as implant materials for bone tissue reconstruction because of
their chemical similarity with natural bone tissue and excellent
biocompatibility. There are different kinds of CaP bioceramics,
with different composition and physical properties. Hydroxyap-
atite (Cajg(PO4)s(OH)2. HAp). represents the stable phase, with
very slow bioresorbility rate. Dense HAp is surface-reactive and
can be directly attached to the bone through chemical bond-
ing called bioactive fixation. On the contrary. beta tricalcium
phosphate, (B-Caz(POy4)2, B-TCP). is a bioresorbable ceramic,
on which place. natural bone can ingrow after the implan-
tation. Which type of CaP bioceramics will be used for the
implantation depends on whether bioactive or bioresorbable
ceramic is needed.!:> The concept of biphasic calcium phos-

* Corresponding author. Tel.: +381 11 2636 994; fax: +381 11 2185 263.
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phates (BCP). consisting of HAp and B-TCP ceramics, was
developed by Daculsi et al.* The aim of their approach was
to provide an optimal ratio of bioactive/bioresorbable ceram-
ics within the implant that would allow natural bone ingrowth
(osteogenesis) in the place of the implanted material while mak-
ing chemical bonds between the implant material and the bone.
The contribution of B-TCP is to dissolve faster than HAp in
a biological environment, followed by the precipitation of car-
bonated hydroxyapatite similar to the biological bone mineral
at the implant/tissue interface. The events that occur at the
bioceramic/bone interface are dynamic physico-chemical pro-
cesses, including crystal—protein interactions and cell and tissue
colonization.>® The presence of B-TCP could be beneficial
due to its better protein adsorption capacity compared to pure
HAp.” By tailoring the HAp/B-TCP ratio. it is possible to con-
trol the biodegradation rate. where a larger amount of B-TCP
would increase the overall resorbility.® BCP ceramics can be
prepared by mechanical mixing of HAp and B-TCP or through
decomposition of calcium-deficient hydroxyapatite (CDHAp)
by sintering above 700 °C.? The second procedure seems 1o be
better because the mixture of phases on the atomic level leads
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We report on hydrothermal synthesis, plate-like morphology, microstructure and magnetic properties
of hematite (x-Fe;03) plate-like particles. The sample is obtained immediately after the hydrother-
mal process without using any template and without further heat treatment. The so-obtained sample
is characterized by X-ray powder diffraction (XRPD), energy-dispersive X-ray spectroscopy (EDX),
field-emission scanning electron microscope (FE-SEM), transmission electron microscopy (TEM), high-
resolution TEM (HRTEM), and superconducting quantum interference device (SQUID) magnetometer.
XRPD confirms the formation of a single-phase hematite sample whereas EDX reveals that iron and oxy-
gen are the only components of the sample. SEM, FE-SEM, TEM and HRTEM show that the sample is
composed of plate-like particles. The width of the particles is ~500 nm whereas thickness is ~100 nm
(aspect ratio 5:1). The HRTEM images exhibit well defined lattice fringes of a-Fep 03 particles that con-
firm their high crystallinity. Moreover, the HRTEM analysis indicates the plate-like particles preferring
crystal growth along [0 1 2] direction. Magnetic measurements display significant hysteretic behavior at
room temperature with coercivity Hc= 1140 Oe, remanent magnetization M, =0.125emu/g and satura-
tion magnetization Ms=2.15 emu/g as well as the Morin transition at Ty, ~ 250 K. The magnetic properties
are discussed with respect to morphology and microstructure of the particles. The results and compar-
ison with urchin-like, rods, spherical, hexagonal, star-like, dendrites, platelets, irregular, nanoplatelets,
nanocolumns and nanospheres hematites reveal that the plate-like particles possess good magnetic prop-
erties. One may conjecture that the shape anisotropy plays an important role in the magnetic properties
of the sample.

Keywords:
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Nanostructures
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Morin transition

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

During the last decade iron (IIT) oxides have been at the focus of a
remarkable research interest due to a wide variety of properties, as
well as possessing a huge potential for applications [1-20]. Among
seven polymorphs of iron (III) oxide, c-Fe; O3 (hematite) in various
forms (such as bare nanoparticles, nanowires, microcubes, rods,
microspheres, nanorods, nanotubes, and nanoparticles embedded
in an inert matrix) has been under extensive investigation in order
to understand the influence of size, shape, anisotropy, microstruc-
ture, inter-particle interaction and surface effects on its physical
properties.

* Corresponding author.
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Hematite («-Fe;03) is the most stable iron oxide with a high
resistance to corrosion, low cost, environmentally friendliness
and non-toxicity. It is used as a pigment, catalyst, sensor, elec-
trode material, biomedical and magnetic material [1,2,21-23].
Hematite crystallizes in the rhombohedral system space group R-
3¢ (corundum structure) with n-type semiconducting properties
(2.1eV band gap) [1,2]. Despite intensive research, some of its fea-
tures are still not fully known. Some of these unknowns concern
the magnetic properties [24-46]. Hematite’s magnetic properties
may display three critical temperatures: the Néel temperature,
the Morin temperature, and the blocking temperature. In bulk
hematite the Néel temperature is Ty ~960K and the Morin tran-
sition takes place at the temperature Ty =263K [1]. Below Ty
the spins are antiparallel and the material behaves as a uniax-
ial antiferromagnet (AF). Above Ty, the spins show slight canting
and a small net magnetic moment appears (weak ferromagnetism,
WF) [1]. As the particle size decreases the Morin temperature
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The paper deals with the main principles of the determination of particle size distribution using
Mastersizer 2000, Malvern Instruments Ltd., UK. Using several problems as examples we have
demonstrated that the method is not a routine one and that the measurement procedure is not limited
to entering a sample into the dispersion unit and pressing the button. Furthermore, we have shown that
the sample preparation method and, therefore, the accuracy of results conclusively depend on the
physical and chemical properties of the analyzed materials.

Key words: Particle size distribution, Mastersizer 2000, Laser diffraction and Light scattering.

1. INTRODUCTION

The interest for particle size measurements arises
from fact that the properties of dispersed materials are
strongly correlated with their particle size and uni-
formity. From academic and industry researches to
the control and production optimization of raw mate-
rials, medicaments, food and other products, there is a
growing for a fast and accurate on-line method for the
determination of particle size distribution. Due to its
simplicity and accuracy, the laser diffraction method
is nowadays the primary method for the examination
of the size distribution in disperse systems such as so-
les and emulsions. The measurement procedures on
modern laser diffraction devices (LD) are fast and
fully automated; they are reproducible and can be sta-
ndardized for certain systems. However, in order to
obtain reliable data about the analyzed particle syste-
ms it is crucial to understand and take into account
several important factors, such as the nature of the
material, the instrument, measurement methodology
and the verification of results.

2. BASICS OF THE LD METHOD

The LD technique is based on the fact that the
spatial distribution of scattered light is a function of
the particle size of the analyzed sample. The phe-
nomenon of light diffraction on particles is complex,
but it can be vividly presented. As a stone hits the wa-
ter surface, the concentric rings of waves appears.
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The waves near the site of impact are intense -
higher, while the wave height decreases as moving
away. Larger stones will create higher waves in co-
mparison with smaller stones. Waves will also be mo-
re intense and clearly separated in the case of larger
stones [1].

Generally speaking, a similar occurs when a parti-
cle is illuminated as is shown on fig. 1: for smaller
particles the diffraction images are more diffuse. Ba-
sically, the LD method measures the intensities of
diffraction rings and the distance between them (de-
clination angles from the direction of incident light)
[2]. It would be an easy method if an additional phe-
nomenon does not occur. Besides diffraction during
the illumination of particles other phenomena such as:
reflection, refraction, absorption and re-radiation_oc-
Ccur.

The phenomena that happen on illuminated parti-
cles are called light scattering, shown on figure 2. In
contrast to diffracted light, which is emitted at small
angles relative to incident light, scattering is more co-
mplex because the scattered light is emitted in all di-
rections. The spatial distribution of scattered light is
commonly called the scattering pattern of a particle.

The scattering pattern depends on ratio of particle
diameter (D) and the wave length of incident light ();
accordingly, the scattering pattern will change not
only with a change in the size of particles but also as
result of a change in the wave length A. Depending on
the D/A ratio it can be distinguished among the Frau-
nhofer, Mie and Rayleigh scattering.

The Fraunhofer scattering occurs if particle size is
at least 5 to 6 times larger the A. The Rayleigh sca-
ttering occurs when the particle size is considerably
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Hydrothermal Synthesis of Nanosized Pure
and Cobalt-Exchanged Hydroxyapatite

ZORAN STOJANOVIC, LIILJIANA VESELINOVIC, SMILIA MARKOVIC,
NENAD IGNJATOVIC, AND DRAGAN USKOKOVIC

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, Serbia

Pure and cobalt-exchanged hydroxyapatite (HAp and CoHAp) powders were synthesized by hydrothermal method. X-ray diffraction (XRD),
Raman spectroscopy, particle size analysis, inductively coupled plasma (ICP) emission spectroscopy, and scanning electron microscopy (SEM) were
used to study the microstructural and unit cell parameters, average particle size, particle size distribution, chemical composition, and morphology
of the synthesized powders. XRD and Raman spectroscopy confirmed that the samples were free from impurities and other phases of calcium
phosphates. It has been found that the increase in the cobalt amount in the crystal structure of HAp reduces unit cell parameters, as well as average
crystallite size (from XRD measurements). All of the powders were nano-sized with narrow particle distribution (from particle size analyses).
SEM investigations indicated that nano-sized particles were organized in soft micro-sized agglomerates, whose sizes increased with the increase

in the content of Co in HAp crystal structure.

Keywords Hydrothermal method: Hydroxyapatite: Particle size distribution; Raman spectroscopy; XRD.

. INTRODUCTION

Nowadays. hydrothermal processing of advanced
materials is one of the most interesting techniques in the
field of nanostructured materials and is also very attractive
for large scale production due to its adaptivity, simplicity.
low energy consumption, and good environmental aspects.
In the past two centuries, hydrothermal technique was
mainly applied to processes of single crystal growth and
ore leaching, whereas nowadays hydrothermal technology
has become one of the most important tools for
advanced materials processing. This technique offers many
advantages for the processing of nanostructured materials
for a wide variety of applications in industry, such
as ceramics, biomedical, catalytic, optoelectronics, etc.
[1-5].

During the past several decades, there has been an
ever increasing interest in materials with apatite structure.
General chemical formula of stoichiometric mineral apatites
is M((XO,)Y,. where M is a divalent cation, X could be
P. V. or Si. while Y is some halogen element or group like
OH~. Phosphates with molecular formula M,,(PO,),0H,
are used for various medical applications as bone implants,
in industry as absorbers for heavy or radioactive elements
ions, ion exchangers in chromatographic columns, catalysts,
or electrolytes for ceramic fuel cells [6, 7).

Natural calcium hydroxyapatite (HAp, Ca,4(PO,)s(OH),)
is the main inorganic component of bones and teeth of
vertebrates. For medical purposes, synthetic HAp material.
with excellent biocompatibility, was produced for the use in
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bone and teeth reconstruction. Adequate biodegradation rate
and nontoxicity make this material suitable for drug delivery
systems providing controlled release [8. 9]. The structure
of HAp allows the substitution of Ca’*, PO}, and/or OH~
with other ions. Calcium ions in an apatite structure can be
substituted with various metal ions like K, Na, Mg, Sr. Ba.
Pb, Mn, Co, Fe. etc. [10, 11]. Generally accepted affinity
of divalent cations for substitution is Cu** > Pbh>* >
Zn*t = Cd* = Co®* [6]. It enables us to tailor HAp with
modified properties, such as lattice parameters, crystallinity,
morphology, and additional desired properties for a specific
application. Regarding the material’s biocompatibility. there
is also a possibility of preparing magnetic nanoparticles
of HAp by substituting Ca®* with some magnetic ions
such as Fe. Co. etc.. for the application in magnetic
resonance imaging, hyperthermia treatment, cell separation,
and drug delivery [12]. Cobalt-substituted HAp shows
catalytic activity for oxidative dehydrogenation of alcohols
as well as for the process of styrene epoxidation [13].
Catalytic activity of CoHAp depends on the amount of
cobalt substituted in the HAp lattice: moreover, its catalytic
activity could be improved by loading with Ru [6, 14].

In this article, a series of pure calcium hydroxyapatite
(HAp) and cobalt-substituted calcium hydroxyapatite
(CoHAp: Cay_,Co (PO,)s(OH),. x = 0.5, 1. and 2)
powders were prepared by simple hydrothermal treatment of
precipitates. X-ray diffraction (XRD), Raman spectroscopy.
particle size analysis, inductively coupled plasma (ICP)
emission spectroscopy. and scanning electron microscopy
(SEM) were used to study the qualitative content, unit
cell parameters, degree of crystallinity, average particle
size, particle size distribution, chemical composition, and
morphology of the synthesized powders.
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