
Original Research Article

Influence of ALD process parameters on the
physical and chemical properties of the surface of
vascular stents

Marcin Basiaga a,*, Witold Walke a, Marcin Staszuk b, Wojciech Kajzer a,
Anita Kajzer a, Katarzyna Nowińska c

a Faculty of Biomedical Engineering, Silesian University of Technology, Zabrze, Poland
b Faculty of Mechanical Engineering, Silesian University of Technology, Gliwice, Poland
c Faculty of Mining and Geology, Silesian University of Technology, Gliwice, Poland

1. Introduction

Comprehensive improvement of quality of AISI 316LVM steel,
used to manufacture intravascular implants, should focus on
modelling of the surface layer structure, also taking into
account the medical sterilization process. A factor of crucial
importance is haemocompatibility, directly influenced by

mechanical and electrochemical properties as well as surface
wettability associated with its topography and chemical
structure. Generally, the questions of modification of AISI
316LVM steel surface have been described widely in the
literature. Surface modification has made use of a variety of
methods. Such procedures aimed on the one hand at
preparation of the modified surfaces for subsequent proces-
sing of the surface and on the other to ensure the demanded
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a b s t r a c t

Studies of haemocompatibility of AISI 316LVM steel point to the need for nickel elimination

from the surface and replacing it with other elements showing higher biotolerance. Such

layers include titanium, carbon or silicon coatings. Therefore, the authors attempted to

evaluate some selected physicochemical properties of TiO2 layers, grown by atomic layer

deposition (ALD) method, on the surface of 316LVM steel at variable process temperature.

ALD temperature has a major role in the final quality of the surface layer grown with the use

of such method, regardless of the type of the base. It was observed that the growth of

temperature had an adverse influence on corrosive resistance in the artificial plasma

environment and contributed to formation of a double (porous) layer showing decreased

tightness. Further on, assessment of the coating adhesion to the base showed that too low

process temperature T = 100 8C had an adverse effect on mechanical properties, resulting in

substantially reduced critical force. On the other hand, the performed surface wettability

tests showed no influence of ALD temperature in the obtained angle values.
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cell adhesion, proliferation and migration. For metal implants
made of AISI 316LVM steel, blood in a corrosive environment.
Blood concentrations of sodium bicarbonate (NaHCO3), mono-
basic and dibasic acidic sodium phosphate (NaH2PO4 and
NaHPO4), proteins and erythrocyte haemoglobin ensure
constant appropriate pH value, required for homeostasis,
while on the other hand, it triggers the corrosive process. In
order to prevent such an adverse phenomenon, surface layers
of improved corrosive resistance are more commonly used.
Studies of haemocompatibility of AISI 316LVM steel point to
the need for nickel elimination from the surface and replacing
it with other elements showing higher biotolerance. Such
layers include carbon or silicon coatings. Ratner et al. [1]
proposed in his studies a silicon carbide coat with amorphic
structure, showing high athrombogenicity and susceptibility
to deformation. Further on, the absence of cytotoxic response
and no mutagenic effect upon the blood cells were shown by
Fedel [2]. Also, attention is focused more often on titanium in
the most thermodynamically stable form which is the
semiconductive in structure (nonstoichiometric) – TiO2. Such
oxide is distinguished by a wide passive range, reaching even
the value of several volts [3,4]. It is possible to form such layers
ensuring good adhesion the base, abrasive resistance and
protecting steel against the corrosive processes. Krishna et al.
[5] prepared TiO2 coatings on stainless steel, and they found
that the stainless steel showed improved corrosion resistance
with TiO2 coatings. Shen et al. [6] reported the corrosion
protection of 316 L stainless steel by uniform TiO2 nanoparti-
culate coatings prepared by sol–gel method. They found that
the TiO2 coatings exhibited very good corrosion resistance by
acting as a protective barrier on the steel surface. Thanks to
good optical properties of TiO2, the grown oxide layers show
different colouration, depending in the layer thickness [4,7]
which may prove helpful for identification of particular
devices along a size series. In case of vascular stents, one of
the crucial aspects is ensuring stability of geometrical features
throughout their length. In such context, the most appropriate
surface modification is coating with the use of atomic layer
deposition [8–10]. In deposition of atomic layers the area of
solid phase formation is restricted to a monomolecular
adsorption layer. This has been achieved through alternating
precursor pulses into the reaction chamber. Moreover,
following each precursor pulse, the reaction side-products
and unadsorbed particles are removed from the reaction

chamber with the use of an inert gas. As a result, the gas phase
precursors do not contact with each other, except for the
adsorption layer. The earlier studies by the authors [11]
showed a favourable effect of TiO2 coat, formed by ALD, on the
physicochemical properties of 316LVM steel. It was observed
that the best scheme of physicochemical properties was
achieved with films grown during 500 cycles of the process –

Fig. 1. Apart from the number of cycles, an important
parameter determining the coat properties, is the process
temperature. Therefore, the authors attempted to evaluate
some selected physicochemical properties of TiO2 layers,
grown by ALD method, on the surface of 316LVM steel at
variable process temperature.

2. Materials and methods

2.1. Preparation of samples

Selected for the test was Cr–Ni–Mo (AISI 316LVM) steel in the
form of discs with diameter d = 14 mm and thickness
g = 2 mm. Before surface modification all the samples were
electrochemically polished in the phosphate sulphate acid
bath until the surface roughness of Ra < 0.12, recommended
for circulatory devices, was achieved. The samples were then
passivated in 40% HNO3. Those are the basic stages of surface
preparation of steel used to manufacture implants with
miniaturized geometrical features. The prepared samples
were coated with a TiO2 layer with the use of atomic layer
deposition (ALD). The TiO2 films investigated in this study
were grown from TiCl4 and H2O in a low-pressure ALD reactor
[12,13]. The deposition process consisted of repeated ALD
cycles. Each cycle included a TiCl4 pulse, the purge time, H2O
pulse and another purge time. The process comprised a
constant number of 500 cycles at the temperatures of: 100 8C,
200 8C, 300 8C and 400 8C – Fig. 1.

For evaluation of the effect of TiO2 film deposition
temperatures on the physicochemical properties of the
assumed surface modification, the authors proposed the
electrochemical, morphological, surface wettability and me-
chanical tests.

2.2. Electrochemical properties

2.2.1. Potentiodynamic test
The first to be carried out were pitting resistance tests with the
potentiodynamic method, recording the polarization curves,
as recommended by ASTM standard [14]. The test stand
comprised VoltaLab PGP201 potentiostat, the reference elec-
trode (type KP-113 saturated calomel electrode SCE), the
supporting electrode (type PtP-201 platinum electrode),
the anode (test sample) and a PC with VoltaMaster 4 software.
The corrosive tests started with establishment of the open
circuit potential EOCP at electroless conditions. The polariza-
tion curves were recorded starting with the initial potential
value, Einit = EOCP � 100 mV. The potential changed along the
anode direction at the rate of 0.16 mV/s. Once the anodic
current density reached the value of 1 mA/cm2, the polariza-
tion direction was changed. On the basis of the curves the
corrosive potential Ecorr, the breakthrough potential Eb, theFig. 1 – Scheme of ALD technique.
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repassivation potential Ecp, and the transpassivation potential
Etr, were determined along with the value of the polarization
resistance Rp, calculated with the use of Stern method. The
resistance value was calculated from Eq. (1). Evaluation of the
pitting resistance was carried out in the environment of
artificial plasma with the chemical composition recom-
mended by the standard [15] at the temperature T = 37
� 1 8C, and pH = 7.0 � 0.2:

DE=Dip ¼ bkba=2; 3icorrðba þ bkÞ ½V cm2� (1)

2.2.2. EIS test
The impedance measurements were taken with the use of Auto
Lab PGSTAT 302N system provided with FRA2 (Frequency
Response Analyser) module, in the artificial plasma at
the temperature T = 37 � 1 8C, and pH = 7.0 � 0.2. The tests
made use of a three electrode system: a saturated calomel
electrode SCE as a reference electrode, a supporting electrode
(platinum rod) and working electrode – the tested sample –

Fig. 2. Such measurement system made it possible to perform
tests within 104–10�3 Hz frequency range. The sinusoid voltage
amplitude of the activating signal was 10 mV. During the test,
impedance spectra of the system were determined and the
measurement data confronted against the equivalent system.
The impedance spectra of the evaluated system were presented
as Nyquist plots for different frequencies and as Bode diagrams.
Selection of such method made it possible to characterize
impedance of the phase boundary: AISI 316LVM steel – TiO2film
– artificial plasma, through approximation of the impedance
data with an electric equivalent circuit model.

2.2.3. Ions infiltration study
In order to assess coating density of the surface layer and also
the amount of ions infiltrating from steel substrate to artificial
plasma solution, metallic ions permeability tests were
performed. The amount of ions Fe, Cr, Ni, Mo and Ti that
infiltrated to the solution was designated. Each sample was
placed for 28 days in 100 ml of artificial plasma at the
temperature of T = 37 � 1 8C. Metallic ions concentrations
were measured with spectrometer JY 2000, by Yobin–Yvon,

applying ICP-AES method. The source of induction was plasma
torch coupled with generator of frequency 40.68 MHz. When
making analytical curve, diluted analytical materials by Merck
were applied [4].

2.3. Surface morphology

2.3.1. AFM test
Taking into account a remarkable effect upon the early and
late response of the stented vessels, the surface morphology of
the prepared samples was evaluated with the use of AFM
microscope, a non-contact mode selected. The scanned area
was 10 mm � 10 mm at the resolution of 256 � 256.

2.3.2. SEM analysis
Additionally observation was carried out with the use of
scanning electron microscope SUPRA 35 by ZEISS
with secondary electron (SE) detection, within the magnifi-
cation range 1000–70,000�. Accelerating voltage was equal
5.00 kV.

2.4. Surface wettability

In order to determine the surface wettability of the selected
samples, the wetting angle and surface free energy (SFE) were
evaluated with the use of Owens–Wendt method. The
wettability angle measurement were performed with two
liquids: distilled water (uw) (by Poch S.A.) and diiodomethane
(by Merck). Measurements with a drop of liquid and diiodo-
methane spread over the sample surface were carried out at
room temperature (T = 23 8C) at the test stand incorporating
SURFTENS UNIVERSAL goniometer by OEG and a PC with
Surftens 4.5 software to assess the recorded drop image.
5 drops of distilled water and diiodomethane each, 1.5 ml
volume each, were placed on the surface of each of the
samples. The measurement started 20 s after the drops were
dripped. Duration of a single measurement was 60 s at the
sampling frequency 1 Hz. The mean values of the wetting
angle uav and the surface free energy gS were illustrated
graphically. The values of surface free energy (SFE) assumed
for the calculations, including their polar and dispersion
components are given in Table 1.

Fig. 2 – Scheme of the corrosion test.
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2.5. Mechanical properties

2.5.1. Scratch test
Adhesion of TiO2 film to 316LVM steel base was evaluated with
the use of a scratch test [16]. During the test a scratch was
made with the use of Rockwell diamond cone with gradual
growth of the indenter normal load. The critical force, a
measure of adhesion, is the minimum normal force causing
the loss of adhesion of the coat to the base. Evaluation of the
critical force Lc based on the record of changes in acoustic
emission, friction force and friction coefficient as well as
microscopic inspection with a light microscope, integrated
with the platform. Tests were performed at the loading force
growing from Fc = 0.03 to 30 N and at the following working
parameters: loading rate vs = 100 N/min; table travel rate
vt = 10 mm/min, scratch length l = 3 mm.

2.5.2. Nanohardness test
The hardness assays with Oliver & Pharr method made use of
Berkovich indenter [17]. The growth rate of the loading and
unloading forces was 0.10 mN/min. The film nanohardness
was measured on Nano-Combi-Tester open platform by CSM
Instruments. The loading force value was 0.05 mN.

3. Results

3.1. Electrochemical properties

3.1.1. Potentiodynamic test
Results of potentiodynamic tests carried out to evaluate the
pitting resistance are presented in Table 2 and Figs. 3 and 4.
Earlier results obtained by the authors for electrochemically
polished and chemically passivated 316LVM steel made it
possible to define the corrosive potential Ecorr, the value of
which ranged between �166 mV and �256 mV. It was also
observed that the value of transpassivation potential was Etr =
+1198 mV, while the polarization resistance Rp = 211 kV cm2.
Similar values of the breakthrough potential and the polariza-
tion resistance were obtained by the authors [18,19] in
investigations of implants manufactured of CrNiMo steel,

Table 1 – The values of SEP and their individual
components for measurement liquids.

Type of liquid Polar component
g
p
s , mJ/m2

Dispersion component
gds , mJ/m2

Distilled water 51.0 21.8
Diiodomethane 6.7 44.1

Fig. 3 – Polarization curves regarding AISI 316LVM after TiO2 ALD surface modification. Area of corrosion potentials.

Table 2 – Results of potentiodynamic tests – mean values.

Temperature of the ALD process Ecorr, mV STD Eb, mV STD Ecp, mV STD Etr, mV STD Rp, kV cm2 STD

100 8C �174 �20 +1408 �15 +1143 �66 – – 252 �57
200 8C �214 �60 +1584 �48 +1389 �5 – – 415 �83
300 8C �138 �3 +1608 �16 +1363 �12 – – 276 �20
400 8C �177 �18 +1168 �317 +408 �647 – – 204 �34
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after electrochemical polishing. However, in samples with the
TiO2 film deposited by ALD method, the breakthrough
potential Eb and the repassivation potential Ecp, proving
initiation and development of pitting corrosion, were noted
regardless of the process temperature. The mean values of the
breakthrough potential for most of the evaluates variants were
higher than the transpassivation potentials Etr, established for
the initial state [11] and ranged between Eb = +1168 mV and
Eb = +1608 mV. Moreover, the recorded values of repassivation
potential Ecp for samples after ALD at temperatures T = 200 8C
and T = 300 8C, were higher than the determined breakthrough
potentials for layers grown at temperatures T = 100 8C and
T = 400 8C – Table 2. The results confirm those reported by
Marin and Shan [20–22], who also observed the effect of ALD on
improved corrosive resistance of austenitic steel, as compared
to the material at the initial state. In particular, they noted
lowered current density and enlarged area of perfect passiv-
ation, as compared to samples with no oxide layer grown.

3.2. EIS test

The following stage of the study aimed at evaluation of the
electrochemical properties though the impedance tests (EIS).
The frequency measurements pointed to the amplitude-phase
Z00(Z0) as well as amplitude ÖZ( f)Ö and phase Q( f) characteristics
of the corrosive process, presented in Fig. 5. The recorded

impedance points to differentiated kinetics of the corrosive
processes taking place in the system AISI 316LVM steel –

artificial plasma – Fig. 5. Structural optimization of a circuit
reflecting the corrosive process in the evaluated system made
use of a procedure based in Levenberg–Marquardt numerical
algorithm of mean squared error minimization. It was
proposed to apply two constant phase elements in the electric
equivalent system, which improved the fitting quality of
experimentally drawn curves, where Rs stands for the
electrolyte resistance (artificial plasma), CPEp – capacity of
the extensive surface area of the material and Rp – the
electrolyte resistance in this area of the material and Rct and
CPEdl – standing for impedance and capacity of the double
layer – Fig. 6.

A mathematical impedance model of the above system is
also illustrated by Eq. (2):

Z ¼ Rs þ 1
ð1=RpÞ þ Y0ð jvÞn1 þ

1
ð1=RctÞ þ Y0ð jvÞn2 (2)

Based on the equivalent schemes. Characteristic values
have been defined to describe the corrosive resistance at
different values if anode oxidation potential – Table 3.

3.3. Ions infiltration

The results of investigations of metallic ion infiltration,
penetrating the artificial plasma after 28-day storage of AISI
316LVM steel samples, depending on the process temperature,
are presented in Table 4. Assessment of chemical composition
of the artificial plasma, where the samples were stored,
allowed for establishment of Fe, Cr, Ni, Mo and Ti ions
presence, regardless of temperature. Assuming that the
quantity of degradation products infiltrating the artificial
plasma is an important criterion indicative of the level of
haemocompatibility of an evaluated material, it should be
noted that the film deposition temperature, with the same
number of cycles, effects the barrier properties. It was
observed that the number of ions infiltrating the solution
grows along with the increasing temperature. This is an
adverse phenomenon which may result in allergic reaction
and impair the implant healing. The most favourable proper-
ties protecting the alloy against the effect of a corrosive
environment was achieved with the layers deposited at the
temperatures of 100 8C and 200 8C.

Fig. 4 – Comparison of polarization resistance Rp after
surface modification.

Fig. 5 – Examples of impedance spectra recorded for AISI 316LVM steel in the artificial plasma environment.

a r c h i v e s o f c i v i l a n d m e c h a n i c a l e n g i n e e r i n g 1 7 ( 2 0 1 7 ) 3 2 – 4 236



3.4. Surface morphology

Results of surface topography evaluation with the use of the
atomic force microscope (AFM) and the scanning electron
microscope (SEM) showed differences in the surface morphol-
ogy (Figs. 7 and 8). The observed changes in morphology of the
layers deposited at the temperatures of 200 8C and 300 8C
resulted in elevated surface roughness, growing from
Ra = 4 nm (T = 100 8C and 400 8C) up to Ra = 7 nm. In all the
cases, the roughness values did not exceed Ra = 100 nm,
recommended for such medical devices. Similar results were
obtained by Aarik et al. [23] for increased number of deposition

Fig. 6 – Electrical model of equivalent circuit for AISI 316LVM –

TiO2 layer – artificial plasma.

Table 4 – Results of metallic ions infiltration.

Surface Metallic ions infiltration tests, ppm (average value)

Fe SD Cr SD Ni SD Mo SD Ti SD

100 0.099 �0.002 – – – – 0.099 �0.001 0.105 �0.001
200 0.104 �0.001 – – – �0.002 0.105 �0.002 0.112 �0.002
300 0.111 �0.001 0.022 �0,001 0.089 �0.001 0.110 �0.001 0.120 �0.001
400 0.121 �0.001 0.029 �0,001 0.095 �0.001 0.121 �0.001 0.134 �0.001

Table 3 – Results of EIS tests.

Temperature of
the ALD process

Rs, V cm2 Rpore, kV cm2 CPEpore Rct, MV cm2 CPEdl EOCP, mV

Y0, V�1 cm�2 s�n n Y0, V�1 cm�2 s�n n

100 8C 26 55 0.9716E�5 0,97 15.20 0.3749E�5 0.88 �288
200 8C 26 15 0.8268E�5 0,81 43.50 0.2002E�4 0.81 �268
300 8C 25 65 0.2328E�4 0,98 6.75 0.4322E�5 0.85 �227
400 8C 27 26 0.1626E�4 0,98 2.07 0.3923E�4 0.81 �280

Fig. 7 – Surface morphology of samples with ALD deposited TiO2 film at temperatures (AFM): (a) 100 8C, (b) 200 8C, (c) 300 8C,
(d) 400 8C.
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cycles (3000). On this basis it can be concluded that number of
deposition cycles do not influence surface topography. The
number of cycles suggested by the authors (500) caused
reduction of the deposition time, allowing to keep similar
parameters describing surface topography.

3.5. Surface wettability

The results of wettability and surface energy calculations and
examples of drops dripped in the surface of samples with TiO2

coat are presented in Figs. 9 and 10.

The obtained results pointed to the increased values of the
wetting angle u for the samples of AISI 316LVM with ALD
deposited TiO2 layer. The electrochemically polished and
passivated samples are hydrophilic and show very low surface
wettability [24]. Deposition of the TiO2 film over the studied
samples effected in the elevated wetting angle, regardless of
the process temperature, resulting therefore in the hydropho-
bic surfaces – Fig. 9. No significant differences were observed in
the values of the surface energy throughout the investigated
sample surfaces. The study indicated that steel with
the deposited TiO2 layer showed higher wetting angle as

Fig. 8 – Surface morphology of samples with ALD deposited TiO2 film at temperatures (SEM): (a) 100 8C, (b) 200 8C, (c) 300 8C,
(d) 400 8C.

Fig. 9 – The surface energy calculated on the basis of the contact angle measurements – OW method.
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compared to the values obtained in surfaces after polishing
and passivation. All the wetting angle values in samples with
the TiO2 layer were uav > 908 which proved the hydrophobic
properties of the evaluated surfaces and appeared as a
favourable phenomenon for the blood-contacting implants
[25] contrary to investigations by the authors [26], who grew
silicon films on steel samples with the use of sol–gel method,
observing increased wettability in all variants of the investi-
gated coatings, as compared to polished samples, which is an
adverse feature in case of blood-contacting biomaterials.

3.6. Mechanical properties

3.6.1. Scratch test
The obtained results pointed to the effect of TiO2 deposition
temperature on the critical force Lc, which is the measure of
adhesion – Table 5. The best adhesion to 316LVM steel base
was shown by samples with TiO2 film deposited at the
temperatures T = 200 8C and T = 300 8C. In such cases, the value
of critical force causing the layer outward and inward
delamination was respectively Lc2 = 7220 mN (for T = 200 8C)
and Lc2 = 8020 mN (for T = 300 8C) – Fig. 11. Regardless of the
sample type, no acoustic signal was recorded which proved

Fig. 10 – Sample measurement of wetting angle of TiO2 film
at temperature 200 8C (uav = 101.888).

Table 5 – Adhesion of TiO2 layers to 316LVM steel.

Temperature
of the ALD
process

Failure of
the layer

The value of
registered indenter

load Fn, mN

Average Standard
deviation

100 Delamination Lc1 1070 �210
Complete break Lc2 5330 �540

200 Delamination Lc1 3490 �225
Complete break Lc2 7220 �674

300 Delamination Lc1 3860 �370
Complete break Lc2 8020 �542

400 Delamination Lc1 380 �99
Complete break Lc2 3140 �1461

Fig. 11 – Examples of adhesion in 316LVM steel sample with ALD deposited TiO2 film at T = 300 8C (Ft – friction force,
Fn – loading force, Pf – surface profile, Pd – penetration depth, m – penetration coefficient).
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that the binding energy between the coating and the base was
too low. In all cases, plastic non-continuous perforation of the
layer was observed. Sobczyk-Guzenda et al. [27] investigated
TiO2 layer deposition on 316LVM steel base, making use of RF-
PECVD method. The results pointed to the critical force of
Lc = 30 mN, effecting in delamination. Sidane et al. [28]
evaluated adhesion of HAP – TiO2 layers, grown by sol–gel
method, to the base of 316LVM steel. They observed that in
such case the value of the critical force was Lc = 6430 mN. The
grown layers, both TiO2 jak and HAP-TiO2, showed remarkably
lower adhesion to 316LVM steel base than that observed in the
variant proposed by the authors. Similar studies were carried
out by Walke et al. [29], who applied the sol–gel method to
deposit SiO2 on 316LVM steel used to manufacture the blood-
contacting implants. The value of the critical force which
resulted in complete destruction of the layer was close to the
evaluated case and equaled Lc2 = 7700 mN.

3.6.2. Nanohardness test
Results of the measurements are included in Table 6 and
Fig. 12. The values observed pointed to different hardness of
the layers, depending on the applied deposition temperature.
The highest hardness was noted for the layers grown at

T = 200 8C and T = 300 8C, where the value was respectively
HIT = 10,666 MPa (T = 200 8C) and HIT = 11,058 MPa (T = 300 8C).
Sobczyk-Guzenda et al. [27] investigated nanohardness of TiO2

film grown on 316LVM steel with the use of RF-PECVD and sol–
gel methods. The hardness achieved was respectively
HIT = 4600 MPa (for RF-PECVD) and HIT = 4900 MPa (for sol–
gel). Compared to the literature [30–32], the TiO2 layers grown
with the use of ALD show significantly higher hardness.

4. Conclusions

The study evaluated the effect of temperature of TiO2

deposition with ALD method, on 316LVM steel base, used to
manufacture, e.g. the vascular stents. ALD temperature has a
major role in the final quality of the surface layer grown with
the use of such method, regardless of the type of the base.
Practically, the temperatures applied range between 100 8C
and 400 8C. Therefore, the authors evaluated the electrochem-
ical and mechanical properties of the layers grown within this
temperature range, aiming for the most favourable variant of
surface modification. The investigations carried out showed
that the process temperature has an effect upon the ultimate
quality of the surface layer. It was observed that the increase of
temperature had an adverse influence on corrosive resistance
in the artificial plasma and contributed to formation of a
double (porous) layer showing decreased tightness, as proved
by EIS tests. This is why the number of metallic ions marked
after 28-day exposure was highest at the temperature of
400 8C, as proved by ICP-AES investigations. Further on,
assessment of the coating adhesion to the base showed that
too low process temperature T = 100 8C had an adverse effect
on mechanical properties, resulting in substantially reduced
critical force Lc. Moreover, it was observed that the layers
grown at temperatures T = 100 8C and 400 8C showed signifi-
cantly lower hardness than those grown at T = 200 8C and

Fig. 12 – Relation between hardness of the evaluated layers and the penetration depth.

Table 6 – Hardness of TiO2 film on 316LVM steel.

Temperature of the ALD process Nanohardness HIT,
MPa

Average Standard
deviation

100 8C 4071 �816
200 8C 10,666 �805
300 8C 11,058 �588
400 8C 7744 �935
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300 8C. The same tendency was noted in case of adhesion.
Adhesion of coatings grown over the implants' surfaces
contributes remarkably to their usability, while delamination
may result in a local voltaic cell, initiating therefore the
corrosive process which effect in reduces haemocompatibility
of a device. On the other hand, the performed surface
wettability tests showed no influence of ALD temperature in
the obtained angle values. It was observed however that the
values were favourably increased as compared to uncoated
samples. All surface layers were hydrophobic which is an
advantage in case of such medical devices. To sum up, the
tests carried out within the framework of this study proved
explicitly that the most advantageous pattern of electrochem-
ical and mechanical properties, in the artificial plasma
environment, was shown by the TiO2 film deposited with
the use of ALD method at the temperature T = 200 8C. Further
blood-contact cytotoxicity and biocompatibility tests shall be
designed to provide comprehensive evaluation of perfor-
mance of such layers.
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