Functional Materials 18, No.1 (2011)

Characterization of TiO, films obtained by
electrochemical plasma treatment of titanium

O.Chernyayeva, D.Lisovytskiy

Institute of Physical Chemistry, Polish Academy of Sciences,
44/52 Kasprzaka, 01-224 Warsaw, Poland

Received May 11, 2010

The structure and the properties of the oxide films formed on Ti by means of electro-
chemical plasma treatment at application of varied interelectrode potential in the specially
selected electrolytes have been studied. The chemical and phase composition as well as the
topography, the microstructure and the grain size of the formed layers depend on the
applied voltage. The formed films increase the resistance of Ti to corrosion in the alkaline
and in the Ringer solution.

WccnemoBana CTPYKTypa U CBOMCTBA OKCHUIHBLIX IIJIEHOK, IIOJYYEHHBIX HA |i C IIOMOIIbIO
JIEKTPOXMMUYECKOro IIJIa3MEHHOTO METOHA C IPHMEHEHHEeM H3MEHSeMOIr'o MeyK9JIEeKTPOIHOIO
IOTEHI[MAaJla B COOTBETCTBEHHO IIOAO0PAHHBIX 9JEKTPOJUTAX. XUMHUYECKHH u (ha30BBII CO-
cTaB, a TakKe Tomorpadusi, MUKPOCTPYKTypa H pasmMep 3epHa CcHOPMUPOBAHHBIX CJIOEB
3aBHUCAT OT MIPUJIOKEHHOI'0 HANPKeHWs. PaccMOTpeHo BiusAHUE CHOPMUPOBAHHBLIX ILJIEHOK
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HA KOPPO3MOHHYIO CTOMKOCTL Ti.

1. Introduction

The most important characterictics of
materials for bone implants include the
good chemical compatibility with the bones
enabling the deposition of cells and the
growth of tissue on the implant surface
and the mechanical properties as close to
those of bones as possible, ensuring the
similar behavior of implant and bone under
a stress. It is common knowledge, the tita-
nium and its alloys are the most promising
biomaterials for producing of the implants
[1]. In order to promote the growth of bone
tissue, the bioceramic layers are formed on
titanium surface. For this purpose, surface
treatments to modify the chemical composi-
tion, roughness and porosity of the implant
surface have been applied [2]. The forma-
tion of different oxide layers has been
achieved by the anodic oxidation, laser and
plasma surface treatment and spark dis-
charge [3, 4]. The anodic oxidation in the
sparkling regime (microarc anodic oxidation
— MAO) seems to be a very promising tech-
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nique to form a ceramic coating on the Ti
surface since it does not need any sophisti-
cated facilities, allows to form various types
of Ti oxides [5, 6] and to incorporate differ-
ent species into the layer by modification of
electrolysis regime [6] and of electrolyte na-
ture [5]. Calcium and phosphate can be pre-
cipitated on oxide films in an electrolyte
containing Ca and P elements. During the
MAO process, sparks appear and move rap-
idly across the treated surface, and the tem-
perature and pressure inside a discharge
channel can reach 103-10% K and 102-
108 MPa, respectively, which are suffi-
ciently high to induce a thermochemical in-
teraction between the substrate and electro-
lyte [7]. Therefore, the oxide films are
composed of substrate materials, oxide and
electrolyte materials.

In this work, some results concerning the
chemical and phase composition, topography
and corrosion resistance of the titanium
oxide layers formed by microarc treatment
are presented.
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2. Malerials and experimental
procedure

Titanium sheets of technical purity with
the total content of impurities (Fe, Si, Al,
Mn) lower than 1 wt. % were subjected to
the microarc oxidation. Before the treat-
ment, Ti anode was polished, degreased,
etched in HF + HNOj; mixture, washed in
distilled water and dried, then placed into
the electrochemical cell (200 ml volume) at
constant oxidation temperature (293-
300 K). In order to avoid of the metal sub-
strate deterioration by the effect of mi-
croarc, a special oxidation procedure was
applied [8, 9]. The electrode was polarized
galvanostatically by increased current up to
the sparkling regime and then polarized by
constant interelectrode voltage (from 100 to
130 V) for 30 min. The process was carried
out in the alkaline polyphosphate solution
[8]. The surface of the anodized samples
was observed in a Hitachi S 4200 scanning
electron microscope at magnification up to
10,000X with attached ESEM-50 Philips
EDS analyzer. The energy dispersion analy-
sis was done. The Callotte tests [10] were
done by rotating a 30 mm bearing steel ball
against the studied surface for up to 24 h.
The thickness of the modified surface layer
was calculated from the diameters of
formed rings at an error of +5 %. The X-
ray diffraction spectra were recorded by a
Siemens D5000 diffractometer using CuK,
radiation. The obtained spectra were ana-
lyzed using the JCPDS PDF-2/2001 data-
base [11].

The susceptibility to corrosion was
checked in non-deaerated 2 M NaOH and
Ringer (8.6 g/1 NaCl, 0.3 g/1 KCI, 0.48 g/I1
CaCl,) solutions by comparing the values of
open circuit potentials (Eocp).

3. Results and discussion

As is seen in Fig. 1, the layer formed by
microarc treatment includes large rounded
grains with holes (doughnut-like) and the
mixture of the fine acicular grains. Some-
times, the holes are filled with small grains.
Such a rounded grains provide the good
sliding ability of the surface that is impor-
tant for hip joints. As follows from Fig. 2,
the interelectrode voltage affects strongly
the surface layer structure. As is seen, the
maximum size of doughnut-like grains de-
creases with the increasing voltage (Fig.
2a), but the layer thickness increases with
interelectrode voltage up to about 125 V
(Fig. 2b).
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Fig. 1. Scanning electron image of microarc
treated surface of Ti (100 V).
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Fig. 2. Effect of voltage on grain size and
thickness of formed oxide layers.

As follows from the EDS results
(Fig. 3a), the X-ray characteristic spectrum
taken from the surface (Fig. 1) reveals the
presence of other elements beside Ti and O
in the layer. The atomic content of P, K
evaluated from the obtained spectra not
taking into account the presence of O, H
and B are shown in Fig. 3b. It is seen that
with increasing voltage the amount of P
increase, whereas the amount of K de-
creases. It should be noted that in the case
of anodic oxidation in HzPO,, the amount
of P reached about 10 at % [12]. It is to
note that the analysis of the X-ray spectra
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Fig. 3. a) X-ray spectrum taken from the mi-
croarc treated surface of Ti (100 V). b) Effect of
voltage on P and K content in the surface layer.

obtained by the routine procedure shows the
presence of different kinds of titanium
oxide and titanium phosphate, depending on
the applied interelectrode voltage: TisO and
TiO, at 110 V, TisO, TigO oxides and
Ti(HPO4),xnH, at 125-180 V. The presence
of TiOg and TiO5 is due to oxygen ordering
in the hexagonal o-Ti and can be explained
by oxygen diffusion in the o-Ti initial lat-
tice. In [13], it has been shown that the
higher the accumulated laser fluence is, the
higher is the oxidation degree, i.e. at a high
oxygen diffusion, samples will trap more
oxygen in the melted phase.

At breaking, the obtained oxide layer ex-
hibited the ductile fracture and the good
adhesion to the substrate (Fig. 4) regardless
of the applied interelectrode voltage. This
provides no splinters to be chipped off from
implant.

The results of the electrochemical meas-
urements done in the 2 M NaOH and Ringer
solutions are presented in Table. It is seen
that the microarc oxidation increases sub-
stantially the corrosion resistance, as fol-
lows from the shift of the open circuit po-
tential (Eocp) into the anodic direction. The
lowest corrosion resistivity in both solutions
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Fig. 4. Fracture surface of oxide layer.

Table. Open circuit potential values (E

ocp)
of obtained oxide layers

Interelectrode E, , mV E,. , mV
voltage, V 2 M NaOH Ringer solution
0 -600 -410
110 +380 +58
120 +570 +900
125 +425 +510
130 +405 +120

reveal oxide layers formed at 110 V. Some
conclusions may be drawn from the com-
parison of the obtained electrochemical re-
sults with the topography of the formed
surface layers. In the case of oxide layers
formed at 120 V, the highest anodic value
of the open circuit potential may be associ-
ated with the close packed doughnut-like
grains filled with the small grains. The low-
est corrosion resistance of oxide layer
formed at 110 V may be associated with the
cracking of the formed layer which pro-
motes the penetration of electrolyte to the
substrate. In the case of artificial hip joint,
the crucial parameters are the good sliding
ability and the preventing of falling-off the
chips which is provided by the low surface
roughness. In all the cases, no splinters of
the implant should be chipped off. The
doughnut-like, compact structure of oxide
layer, especially formed at 120 V, may ac-
commodate the above demands.

4. Conclusions

The oxide layers (up to 30 pm) contain-
ing the alloying elements (P, K) can be
formed on Ti by means of the anodic polari-
zation in the spark-discharge regime (in-
terelectrode voltage 100 to 130 V). The
chemical and phase composition, the topog-

109



O.Chernyayeva, D.Lisovytskiy / Characterization of ...

raphy, the grain size of the formed layers
can be adjusted by varying the applied volt-
age. All the oxide layers formed by mi-
croarc technique increase substantially the
corrosion resistance of Ti in the alkaline and
in the Ringer solutions. The obtained non
brittle oxide layers of good adhesion are
promising for bio-applications of various de-
mands.
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Xapakrepusania miaisok TiO,, orpumaHux
€JIEKTPOXIMIiUYHOI0 IJIA3MOBOI0 OOPOOKOI0 TUTAHY

O.Yepnsaesa, /J.Jicosuyvruil

IOocaifpKeHo CTPYKTYPY Ta BJIACTUBOCTI OKCHUIHUX IUIIBOK, copmMoBaHuMX Ha 11 3a mOIO-
MOTOI0 eJIEKTPOXiMiUuHOTO IJIa3MOBOT'O METOLY 3 3aCTOCYBAHHAM 3MiHHOT'O MijKeJeKTPOTHOTO
moTeHIiany y BigmoBimHo mifgiOpaHux enerTpositax. Ximiunwuii Ta (asoBuil ckiaam, a TaKoXK
Tonorpadisg, MiKpOCTPYKTypa Ta pos3Mip 3epHa copMoBaHUX IapiB 3ajieKaThb Bif HAIPyruod
110 3aCTOCOBAHO. PO3riAHYTO BILIMB CPOPMOBAHMX ILIIBOK Ha Koposiliumii omip Ti.
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