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Calcium phosphate coatings were obtained on Ti,AlC, substrate by sol-gel method. Temperature, holding time, chemical
compositions of reactants are discussed. XRD measurements revealed that initial coatings consists of nanoparticles sized 10-50 nm.
Light and scanning electron microscopy (SEM) were applied to study the morphology of the coatings. It have been shown that the
coatings had thickness in an interval 40-100 um and had homogenous structure. It has been established by X-ray phase identification
that the coating after heating at 1000°C during 1 hour contained B-tricalcium phosphate (3-TCP).

HesBakaroum Ha BHCOKI MeXaHiIYHI XapaKTEPHCTHUKH (TBEPHiCTh, KOMIIPECiiHa MIIHICTB), Kanbliii-hocdaTHi Kepamiku
MEPEeBaKHO BUKOPUCTOBYIOTHCSI B OPTOIEAIl Ta CTOMATOJIOTI] MEPEBAKHO SK HAIIOBHIOBAYl JE(EKTiB KiCTOK, YTBOPEHUX BHACIIIOK
TpaBM, 371aMiB ab0 3aXBOpIOBaHb. BHCOKa KPUXKICTh Ta HU3bKA TPILIMHOCTIHKICTH KajbLii-pocaTHux OiomaTepianiB, HaXKaib, HE
JIO3BOJISIIOTH BUKOPHUCTOBYBATH iX IS 3aMIlLIEHHsI KiCTOK SIKi MAalOTh BUCOKI MeXaHIUHI HaBaHTa)XeHHs! (HANpHKJIIa]] 3aMiHa BIABICHHX
3y0iB, omeparii Ha Ta30CTErHOBOMY Cyrio0i). s BHUpILIEHHsS TakuX 3aBAaHb BHKOPHCTOBYIOTH MeTaieBi imiutantd. Cepen HHX
HaAMOLTBIIOTO 3acTOCYBaHHS HAOyNMW CIDIaBA Ha OCHOBI Ti depe3 HOro BHCOKI MEXaHIYHI XapaKTEPUCTUKH, 010CYMiCHICTh, BHCOKY
KOpO3iliHy cTifikicTh. OCTaHHIM YacoM B JiTeparypi 3 ’SBHINCH NaHi Ipo 3actocyBaHHI MAX (a3 s MEIWYHUX MarepiaiiB.
IIpoBeneHo TOCITIKEHHS MOKIIMBOCTI YIIIIbHEHHS KEPAMiKH IiIPOKCHIIATIATUTY 3aBISAKH CTBOPEHHIO KOMIIO3UTY Ha ocHoBi Ti,SiC,.

B mamiii poGoti Bnepmie orpumaHo Kaiblii-pocarni nokpurra ma Ti,AlC, minkmamui metomom 3oib-reno. Jlocnimxeno
BIUIMB XIMIYHOTO CKIIaJy PCaKTHBiB, 4acy HAHECEHHs IOKPHUTTS, TEMIEPaTypH CHHTE3y Ha CKJIaJ] Ta CTPYKTYypy MOKPHTTIB.
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Composition and structure of calcium-phosphate coatings on Ti AIC, produced by sol-gel synthesis

PeHTreHOCTPpYKTYPHHMH JOCII/KEHHSMH TTOKa3aHOo, IO IMOKPUTTS CKJIQJAIOThCS 3 4acTHHOK po3Mipamu 0.1-1 mMxM. OCHOBHHMH
Kanblif-pocParnumu pazamu, 3 skux ckIanawthes nokpurts € CaHPO, ta B-Ca,(PO,),. Beranosneno mio TomuHa Ta (pasoBuii
CKJIaJl TIOKPHUTTIB 3aJieKaTh BiJ] 4acy HAaHECCHHS MOKPHUTTS y Kalbliii-pocdaTHOMY po3uuHi. BCTaHOBIEHO ONTHMAaNbHI YMOBU

(hopMyBaHHS MTOKPUTTIB.
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INTRODUCTION

Calcium phosphate (CP) materials are widely used in
medical practice as biomaterials [1-4]. They have excellent
bioactivity and biocompability [5-6]. The bulk CP materials
are produced in form of pelts, granules, cylinders, samples
of rectangular and spherical shapes by sintering of ceramics
at temperatures 1000-1300°C [7-9]. These materials have
high hardness, compressive strength. In the same time,
sintered CP exhibit high brittleness and low fracture
toughness (resistance to crack propagation) [10]. The last
circumstance limits the areas of sintered CP application in
medicine by the sides in hard tissues and tooth which have
low mechanical loads [11]. The use of implants subjected
by high mechanical loads requires applications of metal
and alloys. In this connection Ti alloys such as Ti-6Al-
4V are the most common metal implants for orthopedic
and dental applications [12]. These materials have high
mechanical characteristics and are biocompatible with hard
tissues and body liquids. They are often covered by CP
coatings for good fixation with bones [13]. Recently MAX
phases were applied for biomaterials production [14-16].
MAX phases have excellent mechanical properties, wear
and high temperature resistance [17]. From the majority
of MAX phase structures the study were performed for
hydroxyapatite (HA) reinforcement by Ti,SiC, [18-19].
However the studies of CP coatings on the MAX phase used
as a substrate haven’t been published yet in the literature.

The aim of this work was to study the structure and
composition of calcium phosphate coatings on Ti,AlC,
produced by sol-gel synthesis.

EXPERIMENTAL PROCEDURE

Ti,AIC, samples were produced from TiC and Al
powders at 1350°C and the pressure 10MPa applied for
10 min [20]. Calcium phosphate coatings were covered
on Ti,AIC, substrates by sol-gel synthesis [21]. The
mother solution were prepared by mixing Ca(NO,),
and (NH,),HPO, in quantities necessary to obtain Ca/P
ratio equals 1.67, which corresponds the stoichiometric
composition of HA [22]. pH of the solution was maintained
at value of 10 by addition NH,OH. The process of CP
covering was performed in the bath with CP solution at
19°C. Ti,AlC, samples had rectangular shape with sizes
6mm in with and 4 mm height. The samples were placed
in the bath for 3 h, 24 h and 72 h. After the covering the
samples were extracted from the CP solutions and were

dried at 60°C during 3 days. The microstructure of the CP
coatings was studied by light microscopy MBS-9. The phase
composition of the CP coating was investigated by XRD
analysis. For this purposes the samples were annealed at
1000°C for 1 h at air atmosphere. The XRD spectra from the
samples were recorded by means DRON-2.0 diffractometer
in Cu Ka radiation with U=30kV, I=10mA in 26 range: 25
— 55°. The X-ray phase identification of the samples was
made by comparison of XRD spectra of samples with the
XRD standard data from PDF-2 database ICDD [23]. The
microstructure of the samples after heating studied by SEM
VEGA 3TESCAM. The elemental analysis of the samples
was checked by EDX analysis in the same device.

Table 1

Element Analysis of coatings obtained after
3 h deposition in calcium phosphate solution
calculated from EDX data

. Mass Atomic
Atomic Error,
Element concentration, | concentration,
number %
wt. % at. %
Carbon 6 2,20 4,33 0,50
Oxygen 8 42,35 62,52 5,26
Aluminum 13 7,45 6,52 0,40
Phosphorus 15 6,13 4,67 0,27
Calcium 20 13,58 8,00 0,42
Titanium 22 28,30 13,96 0,80
Table 2

Element Analysis of coatings obtained after
24 h deposition in calcium phosphate solution

calculated from EDX data
. Mass Atomic
Atomic . .
Element concentration, | concentration, | Error, %
number
wt. % at. %

Oxygen 8 4415 63,45 5,57
Aluminum 13 8,18 6,97 0,45
Phosphorus 15 8,89 6,60 0,40

Calcium 20 17,11 9,81 0,54

Titanium 22 11,53 5,54 0,35
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Fig. 1. Light microscopy of the coating on Ti,AlC,
substrate after 3h (a), 24 h (b) and 72 h (¢) deposition
in calcium phosphate solution.

RESULTS AND DISCUSSION
Microstructure of the coatings after different time
of soaking in CP solution has been shown on Fig.1. The
coating which was formed during 3 h in the solution
(Fig.1a) consists of individual particles sizes up to 100 um.
The increase of induction time of Ti,AlIC, substrate in the
CP solution up to 24 h led to the formation of homogeneous
coating (Fig.1b) with thickness about 50-100 pm. Further
increase of the covering time on the Ti,AIC, substrate has
an opposite effect (Fig.1c). After the holding of Ti,AlC,
substrate in the CP solution 3 days the coating becomes
thick and begins exfoliate from the substrate. In order to
study the phase composition of the coatings the samples
were annealed at 10000C during 1 h in air atmosphere. The
XRD patterns of the samples recorded after annealing have
been shown on Fig. 2. The coating covered formed after 4
h in the CP solution (Fig. 2) contain four phase: Ca,P,0O,
(PDF Ne 41-0489), Ti,AlC, (PDF Ne 52-0875) and TiO,
(PDF Ne 21-1272). The occurrence of Ca,P,0, related to
the formation of CaHPO, in the initial coating which than
transform to Ca,P,O. at high temperature in accordance to
the reaction:
2CaHPO,—~Ca,P,0.+H,0 1)
Appearance of TiO, in the samples takes place due to
Ti oxidation at annealing. Increase of time of the coating
formation in the CP solution has results in rise of Ca/P
ratio of the coating. The XRD pattern of the sample after
24 h holding in the CP solution (Fig. 2) have shown five
phase: Ca,P,O, (PDF Ne 41-0489), B-Ca,(PO,), (PDF
Ne 9-0169), Ti,AlC, (PDF Ne 52-0875) and TiO, (PDF
Ne 21-1272). This tendency indicates that Ca/P ratio of
the coating rises from 1 (CaHPO,) to 1.5(B-Ca,(PO,),)
with increase of time of holding the samples in the CP
solution from 4 h to 24 h. These data are in good agreement
with the results of elemental analysis obtained by EDX
(table 1, 2). The Ca/P ratios of the coating after holding
the sample in the CP solution during 3 h (Table 1) gives
value about 1.48 which corresponds to CaHPO, which has
this ratio equals 1.0. The Ca/P ratios of the coating after

Fig. 2. XRD patterns of the coatings on Ti,AlC,
substrates after 3h and 24 h deposition in calcium
phosphate solution.
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Fig. 3. SEM of the coating on Ti3AIC2 substrates
after 24 h deposition in calcium phosphate solution.
Magnification corresponds the bar scale 100 um (a),
20 pm (b) and 5 pm (c).

holding the sample in the CP solution during 24 h (Table 1)
gives value about 1.71 which corresponds to the presence
of CaHPO, B-Ca,(PO,), which has this ratio equals 1.5.
The microstructure of the coating after holding in the CP
solution 24 h and further annealing at 1000°C have shown
on Fig. 3. It can be seen that coating contains cracks and
have porous structure (micro- and nanopores). The sizes
of particles after annealing of the coating varies from 0.1

to 1 um. Considering the bioactivity and biocompability
of the obtained coating the presence of both CP phases
(B-TCP and CaHPO?) are satisfactory results because these
compounds have bioactive properties, widely used for
production of CP cements and bioceramics. The further
study are necessary for change the phase composition of
the coatings to biphasic system: HA/ B-TCP .

CONCLUSIONS

For the first time calcium phosphate coatings were
produced on Ti,AlC, substrates by sol-gel method.

It has been shown that the phase composition of the
coating depends on the time of holding of the samples in
the calcium phosphate solution. The phase composition of
the coating changes from CaHPO, after 3 h of holding in
the solution to B-Ca,(PO,), after 24 h.

The time of holding of the samples in the calcium
phosphate solution effects on the thickness of the coating.
It has been established that the optimal condition is 24 h of
coating formation in the calcium phosphate solution.

The coatings have porous structure which should
promote the formation of tight contacts between metal
implants and bones.
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Kansuiii-pocharni Matepiany npoTarom 6araThox poKis MIUPOKO BUKOPUCTOBYIOTHCSA B MEMUHiH IIPaKTUIi. [XHiMI 0CHOBHUMH
TepeBaraMy € BHCOKa O10aKTHBHICTH Ta IHTErpallis 3 TBEpIUMH TKaHWHAMH JIOAWHM Ta TBapuH. Kambuiii-pocdarni Giomarepianu
BUTOTOBJISIIOTH Y BUIVISAL ITIIBHOT KepaMiky pi3HOI ¢opMu Ta po3MipiB, IIEMEHTIB, HOPOIIKIB Ta TOJIKOIOAIOHAX KPHUCTANTIB («BYCa»).
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Composition and structure of calcium-phosphate coatings on Ti AIC, produced by sol-gel synthesis

HesBaxcatoun Ha BHCOKI MEXaHIYHI XapaKTEPUCTUKH (TBEPAICTh, KOMIpeCciiHa MIIHICTh), KanbLii-(pocharHi KepaMiki HepeBaKHO
BHKOPHCTOBYIOTHCSI B OPTOIIE/IIT T4 CTOMATOJIOTI] IIepeBakHO SIK HAITOBHIOBAdil Je(eKTiB KiCTOK, yTBOPEHUX BHACIIJIOK TPAaBM, 37aMiB
a00 3axBOpIOBaHb. BUcOKa KPHUXKICTh Ta HHU3bKa TPIIMHOCTIMKICTh Kanblil-pocdarHux OiomarepianiB, Haxkajlb, HE JTO3BOJIOTH
BHKOPHCTOBYBAaTH IX IJIS 3aMIIICHHS KICTOK SKi MAarOTh BHCOKI MEXaHiYHI HaBaHTaKCHHS (HANpHUKIAL 3aMiHa BIABICHHUX 3YOiB,
ormepalii Ha Ta30CTETHOBOMY CyIy1001). [/ BUpillIeHHS TaKUX 3aBIaHb BUKOPUCTOBYIOTh MeTajieBi iMmtanTu. Cepel HUX HAHO1IbIIOTO
3acToCyBaHHs HaOyaM cIutaBu Ha 0cHOBI Ti uepes Horo BUCOKI MexaHiuHi XapaKTepUCTHKH, 010CyMiCHICTh, BUCOKY KOPO3iHHY CTIHKICTB.
OcTaHHIM YacoM B JiTepaTypi 3’SBHIKCH JaHi Mpo 3acTocyBaHHs MAX ¢a3 s MenuuHux marepiainiB. [IpoBeneHO A0CIHTiIKeHHS
MOKJMBOCTI yIIITbHEHHS KEPAMIKH TiIPOKCHJIANIATATY 3aBISKH CTBOPEHHIO KOMIO3UTY Ha ocHOBi Ti,SiC,.

B mamiii poGoti Bmepmie orpumaHo Kanblii-pocarni mokpurts Ha Ti,AlC, minkmammi metomom 3omb-remto. Jlocmimkeno
BIUIMB XIMIYHOTO CKJIaJy PEaKTUBIB, 4acy HAaHECEHHsS IOKPHUTTS, TEMIEpaTypd CHHTE3y Ha CKJIaJ Ta CTPYKTYypy NOKPHUTTIB.
PeHTreHOCTPYKTYpHUMH AOCHIIKEHHSAMH MOKa3aHO, L0 MOKPUTTA CKJIAAAlOThcA 3 4acTHHOK posmipamu 0.1-1 mMxM. OCHOBHHMH
Kanblik-pocharaumu dazamu, 3 axux cknanaroTbes nokpurts € CaHPO, ta B-Ca,(PO,),. BeranopneHo 1o ToBimHa Ta (pasouit
CKJIQJl TOKPHTTIB 3aJeXaThb BiJl Yacy HAHECEHHS HOKPUTTS Yy Kanblil-pocdarHoMy po3umHi. BeraHoBieHo onTuMmaibHi yMOBH
(opMyBaHHS HOKPUTTIB.

Knrouogi cnosa: xanvyiti pocpamu, noxpumms, Ti AIC,, ¢asosuii ckrao.
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