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Purpose: The aim of the presented research was to find a combination of surface modification methods of implants made of the
Ti-6Al-4V ELI alloy, that lead to formation of effective barrier for metallic ions that may infiltrate into solution. Methods: To this end,
the following tests were carried out: roughness measurement, the voltamperometric tests (potentiodynamic and potentiostatic), and the
ion infiltration test. Results: The electropolishing process resulted in the lowering of surface roughness in comparison with mechanical
treatment of the surface layer. The anodization process and steam sterilization increased corrosion resistance regardless of the mechanical
treatment or electropolishing. The crevice corrosion tests revealed that independent of the modification method applied, the Ti-6Al-4V
ELI alloy has excellent crevice corrosion resistance. The smallest quantity of ions infiltrated to the solution was observed for surface
modification consisting in the mechanical treatment and anodization with the potential of 97 V. Conclusions: Electric parameters deter-
mined during studies were the basis for effectiveness estimation of particular surface treatment methods. The research has shown that the
anodization process significantly influences the pitting corrosion resistance of the Ti-6Al-4V ELI alloy independent of the previous
surface treatment methods (mechanical and electrochemical). The surface layer after such modification is a protective barrier for metallic
ions infiltrated to solution and protects titanium alloy against corrosive environment influence.
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1. Introduction

Titanium alloys due to their good mechanical prop-
erties, low specific weight and good corrosion resis-
tance are used in different fields of medicine [1]–[7].
The Ti-6Al-4V ELI alloy is the most commonly used
biomaterial for implants in orthopedy and traumatol-
ogy, especially in spondylosurgery.

Long-term research and clinical observations of
toxicological and allergic influence of ions on human
body proved that infiltrated aluminum and vanadium
ions have cytotoxic properties. Products of implant
degradation in the form of metallic ions or corrosion

products could influence intercellular space or pene-
trate cells, which leads to metallosis. According to
that, surface treatment methods are very important in
forming physicochemical properties and biocompa-
bility of titanium alloys. There is a dependence be-
tween the acceptation of implant by a human body
and appropriate preparation of the surface layer. The
anodization process is used to restrict the infiltration
process. Thin oxide layer is growing on implant’s
surface during this process. Properties of the layer
depend on electrolyte, production method, oxidation
time and electric parameters of the process [7]–[21].

One technique used to verify the suitability of par-
ticular surface treatment method before anodization
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is voltamperometry (potentiodynamic and potentio-
static) [9]–[21]. The aim of the presented research was
to find a combination of surface modification methods
of implants made of the Ti-6Al-4V ELI alloy, that
lead to formation of effective barrier for metallic ions
that may infiltrate into solution.

The work is a continuation of research conducted
by the authors on the effect of surface modification on
the physicochemical properties of the Ti-6Al-4V ELI
alloy [2], [3], [15], [17]–[20].

2. Materials and methods

The Ti-6Al-4V ELI alloy with the chemical com-
position consistent with the guidelines of ASTM
F136–08e1 [23] standard was used in all test proce-
dures performed, Table 1. The titanium alloy was in
the form of bars of ∅8 and ∅14 mm.

The modification of surface layer included: me-
chanical treatment (shot peening, mechanical polish-
ing, sandblasting) and electrochemical treatment
(electropolishing, anodization). Steam sterilization
was also considered in studies pertaining formation of
protective properties of the surface layer of the im-
plants. The shot peening process was carried out with
the use of ceramic beads and wetting medium. The
mechanical polishing was performed with the use of
sisal brushes and polishing paste. To get a high gloss
mirror surface implants were polished using wheels
made of canvas and polishing paste. The surface of
the sample was sandblasted after shot peening. Sand-
blasting was performed in a blast cabinet with glass
beads. The electropolishing process was carried out in
the chromic acid bath (E–395 POLIGRAT GmbH)
with current density i = 10–30 A/dm2. The anodiza-
tion was made in the electrolyte based on phosphoric
and sulfuric acid (Titan Color POLIGRAT GmbH).

The anodization process was realized at different po-
tentials: 57 V, 77 V, 87 V, 97 V. The set of potentials
was composed taking into account values of voltage
that are commonly applied by producers of medical
devices for anodization. Hence the influence of anodi-
zation process conditions on the physiochemical prop-
erties of the modified surface layer of implants made
out of the Ti-6Al-4V ELI alloy was investigated in
a way that simulates real life use. The steam autoclave
MOCOM Basic Plus was used for the sterilization
process at a temperature T = 134 °C, under pressure
p = 2.10 bar in time t = 12 min. The steam steriliza-
tion process is important because every implant must
be sterilized before implantation into human body.

Surface roughness was checked with the
SURTRONIC 3+ (Taylor Hobson) profiler. The length
of sections measured was Lc = 1.25 mm, and the accu-
racy of roughness measurement was ±0.02 μm. From
the measurement, the value of surface roughness
parameter specifying the arithmetic average of ordi-

nates profile Ra (according to the standard PN-EN
ISO 4287:1999 [24]) was obtained. Five measure-
ments were performed for five specimens of each
surface type considered.

To estimate the effectiveness of particular surface
treatment methods, the study of pitting and crevice
corrosion was carried out [25]. Tests were realized
in Ringer’s solution (B. Braun Melsungen AG) for
the following parameters: temperature T = 37 ± 1 °C,
pH = 6.9 ± 0.2. The voltamperometric tests (pitting
corrosion resistance – potentiodynamic method, crev-
ice corrosion resistance – potentiostatic method) were
carried out with the use of potentiostat VoltaLab®

PGP201 (Radiometer). The saturated calomel electrode
was applied as the reference electrode, the platinum
electrode was the auxiliary electrode. Bars of 14 mm in
diameter made from the Ti-6Al-4V ELI alloy  were
used for pitting corrosion tests [25]. The applied scan
rate was 3 mV/s until maximum measuring range

Table 1. Chemical composition of the Ti-6Al-4V ELI alloy [23]

Chemical analysis, %

Element

Al V Fe O C N H Ti
ASTM
F746

standard
5.5–6.5 3.5–4.5 0.25 0.130 0.080 0.050 0.012 balance

Certificate
for ∅8 mm 5.97 3.88 0.13 0.110 0.009 0.005 – balance

Certificate
for ∅14 mm 5.95 3.96 0.15 0.114 0.003 0.004 0.0037 balance
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+4000 mV or anodic current density i = 1 mA/cm2

were reached. Bars of 8 mm in diameter were used for
crevice corrosion tests. In this procedure artificial
crevice was used to facilitate breakdown, which is
inducted by polarization to +800 mV. If the corrosion
had not been initiated in the first 20 s of the test (ano-
dic current drops rapidly or is very small), then
stimulation was made for 15 min. After this time the
test was interrupted and material of the test specimen
was regarded as resistant to crevice corrosion in the
test environment, when at potential of +800 mV there
was no increase of anodic current. Otherwise, when
anodic current increased by potentials lower than
+800 mV, the test result was negative and the material
of the specimen did not fulfil normative guidelines
about crevice corrosion resistance [25].

The ion infiltration tests were made for the
Ti-6Al-4V ELI alloy after the sterilization process.
On the basis of the results obtained concentrations of
Ti, Al, V ions infiltrated to Ringer’s solution were
determined. The samples were in Ringer’s solution
for 28 days at a temperature T = 37 ± 1 °C. The con-
centration of metallic ions was calculated using the
JY 2000 spectrometer, which used atomic spectros-
copy method with induction plasma (ICP AES). The
source of induction was plasma torch (argon created
plasma) connected to the 40.68 MHz frequency gen-
erator. To create analytical curve dilute analytical
materials (Merck) were used.

3. Results

In the first step, roughness of the surface of the
samples made of Ti-6Al-4V ELI alloy after different
modifications was checked. It was found that applica-
tion of mechanical treatment proposed in the work
(shot peening, mechanical polishing and sandblasting)
makes it possible to treat a surface layer with rough-
ness Ra = 0.50 µm. The electropolishing process af-
fected the surface texture. Significant reduction of the
surface roughness (Ra = 0.28 µm) was observed after
applying this type of treatment. On the other hand,
anodization at different potentials had no influence on
the surface topography, regardless of the preceded
surface treatments.

Next, voltamperometric tests were carried out.
Registered anodic polarization curves were the basis
for determination of characteristic corrosion values of
the Ti-6Al-4V ELI alloy, Table 2, Fig. 1.

On the basis of the studies conducted it has been
stated that the average value of the corrosion potential
for samples in the initial state was equal to Ecorr =
–95 mV. The sterilization process increased it to equal
Ecorr = +85 mV. The anodic polarization curves as-
signed showed the presence of the average transpasi-
vation potential Etr = +1830 mV, for the samples be-
fore and after the sterilization process, respectively.
Values of polarization resistance Rp for the sample in

Table 2. Corrosion resistance of the Ti-6Al-4V ELI alloy after different surface treatment

Sample Average value of potentials,
mV

Average value of
polarization resistance,

kΩcm2

Rp

Average value of
corrosion current density,

nA/cm2

icorr

Ecorr Etr

S S S S
1 –95 ± 5 +85 ± 8 +1830 ± 12 +1830 ± 14 557 ± 8 345 ± 5 50 ± 3 80 ± 5
1/2/3/4 –168 ± 7 –140 ± 7 +1480 ± 15 +1497 ± 13 278 ± 5 341 ± 6 90 ± 4 80 ± 4
1/2/3/4/5 –450 ± 3 –355 ± 9 – – 720 ± 9 674 ± 9 40 ± 2 40 ± 1
1/2/3/4/57V +10 ± 8 +70 ± 9 – – 3100 ± 12 3000 ± 9 3.2 ± 1 2.6 ± 1
1/2/3/4/77V +110 ± 4 +120 ± 8 – – 3300 ± 14 2100 ± 10 2.3 ± 1 1.7 ± 0.5
1/2/3/4/87V +130 ± 5 +185 ± 5 – – 2460 ± 10 2700 ± 10 1.1 ± 0.5 3.6 ± 0.6
1/2/3/4/97V +120 ± 9 +195 ± 3 – – 2000 ± 11 1260 ± 6 1.9 ± 0.5 1.5 ± 0.3
1/2/3/4/5/57V –30 ± 10 +260 ± 6 – – 7960 ± 9 9950 ± 9 8.0 ± 1 9.0 ± 1
1/2/3/4/5/77V –180 ± 6 +175 ± 4 – – 11150 ± 19 15200 ± 14 8.0 ± 1 12 ± 2
1/2/3/4/5/87V –220 ± 7 +240 ± 2 – – 24400 ± 12 7130 ± 10 10 ± 2 10 ± 1
1/2/3/4/5/97V –35 ± 8 +410 ± 7 – – 13260 ± 14 17300 ± 14 13 ± 2 20 ± 2

1 – grinding, 2 – shot peening, 3 – mechanical polishing, 4 – sandblasting, 5 – electropolishing, XV – anodization
(X represents the applied potential), S – sterilization.
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the initial state and after the sterilization process were
calculated with the use of Stern’s method and were as
follows: Rp = 557 kΩcm2 and Rp = 345 kΩcm2. In the
next step, anodic polarization curves for the surface
after mechanical treatment were determined. For the
surface modified in that way the value of the corro-
sion potential Ecorr was on the average level Ecorr =
–168 mV.

The steam sterilization process causes insignificant
increase of the average corrosion potential to the
level of Ecorr = –140 mV. In the case of surface after
the anodization process the average value of the cor-
rosion potential was higher Ecorr = +92 mV and
Ecorr = +142 mV, without and after the sterilization
process, respectively. Anodic polarization curves for
that group (after mechanical treatment, after mechani-
cal treatment and anodization) before and after the
sterilization process indicated the existence of passive

range up to E = +4000 mV. No rapid jump of the ano-
dic current density was observed in the whole meas-
uring range, which could indicate the initiation of the
pitting corrosion. The average values of the polariza-
tion resistance were as follows:
• for the surface after mechanical treatment: before

the sterilization process – Rp = 278 kΩcm2; after
the sterilization process – Rp = 341 kΩcm2,

• for the surface after mechanical treatment and
anodization: before the sterilization process – Rp =
2715 kΩcm2; after the sterilization process – Rp =
2265 kΩcm2.
The application of electropolishing effectively im-

proves corrosion properties of the Ti-6Al-4V ELI
alloy. An increase of the average value of the polari-
zation resistance with reference to mechanically
treated samples was observed: before the sterilization
process Rp = 720 kΩcm2, after the sterilization proc-

Fig. 1. Anodic polarization curves for the samples after the sterilization process:
1 – 1, 2 – 1/2/3/4, 3 – 1/2/3/4/5, 4 – 1/2/3/4/87 V, 5 – 1/2/3/4/5/87V

Fig. 2. Current density curve for the sample 1/2/3/4/77V after the sterilization process
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ess: Rp = 674 kΩcm2
. The passive area was noticed

in the whole anodic range (E = +4000 mV), which is
a beneficial effect. The anodization process after me-
chanical treatment and electropolishing caused large
increase of the average value of the polarization re-
sistance to Rp = 14192 kΩcm2 – before the sterilization
process and Rp = 12395 kΩcm2 after the sterilization
process. The sterilization process for the Ti-6Al-4V
ELI alloy after electropolishing and anodization led to
the average value of the corrosion potential on the
level Ecorr = +271 mV.

The crevice corrosion tests revealed that independ-
ent of the modification method applied, the Ti-6Al-4V
ELI alloy is fully resistant to this type of corrosion,
Fig. 2.

Chemical composition of Ringer’s solution in
which samples of different surface treatments were
immersed for 28 days (Table 3) revealed that the
maximum average concentration of Ti ions (1.79 ppm)
was registered for the sample with electropolished
surface – 1/2/3/4/5. For samples with anodized sur-
face the maximum average concentration of Ti ions
(1.70 ppm) was observed for those with mechanical
treatment and anodization applied – 1/2/3/4/87 V,
while the minimum concentration was found for sam-
ples that had undergone electropolishing and anodiza-
tion – 1/2/3/4/77 V.

For Al ions the minimum average concentration
(0.161 ppm) was registered for samples with sur-
face after mechanical treatment and anodization
– 1/2/3/4/97 V, while the maximum (0.707 ppm) for
those after mechanical treatment only – 1/2/3/4.

Table 3. Results of ion infiltration from the surface
of the Ti-6Al-4V ELI to Ringer’s solution after 28 days

Ion penetration, ppm
Sample

Ti Al V
1 1.68 0.456 0.055
1/2/3/4 1.63 0.437 0.055
1/2/3/4/5 1.79 0.810 0.080
1/2/3/4/57V 1.38 0.698 0.062
1/2/3/4/77V 1.34 0.664 0.060
1/2/3/4/87V 1.70 0.267 0.044
1/2/3/4/97V 1.44 0.161 0.033
1/2/3/4/5/57V 1.54 0.688 0.060
1/2/3/4/5/77V 1.51 0.699 0.060
1/2/3/4/5/87V 1.56 0.684 0.041
1/2/3/4/5/97V 1.42 0.603 0.044

The maximum average concentration of V ions
(0.080 ppm) was noticed for specimens with electro-
polished surface – 1/2/3/4/5, while the minimum

(0.033 ppm) when the sample surface had undergone
mechanical treatment and anodization – 1/2/3/4/97 V.

Between specimens with the surface in the initial
state (grinding) and after mechanical treatment the
difference in the quantity of ion concentration was
insignificant. Less metallic ions infiltrated into
Ringer’s solution when the surface was mechanically
treated and anodized (1/2/3/4/XV – Ti = 1.47 ppm,
Al = 0.448 ppm, V = 0.049 ppm) in comparison
with the surface after electropolishing and anodiza-
tion (1/2/3/4/5/XV – Ti = 1.51 ppm, Al = 0.669 ppm,
V = 0.053 ppm).

4. Discussion and conclusions

The Ti-6Al-4V ELI alloy is the most commonly
used biomaterial for implants in orthopedy and trau-
matology, especially in spondylosurgery. Methods of
forming physicochemical properties of alloy surface,
more and more often are based on anodic oxidation.
Various authors [2], [3], [7]–[10], [13], [15]–[22] inves-
tigated the influence of anodization of the Ti-6Al-4V
ELI alloy on corrosion resistance in tissue environment.
The steam sterilization process is a commonly used
treatment of metallic implants before implantation to
the human body. So, it is very important to take into
consideration the sterilization process in preliminary
investigation for metallic biomaterials.

The aim of anodic oxidation is to create a sur-
face layer which will be a barrier for metallic ion
infiltration and protection against effects of corro-
sive environment. Clinical observation of the tita-
nium alloy biocompability showed that the vana-
dium could initiate cytotoxic reactions and, in
consequence, neurological disorders, furthermore
aluminum could influence the bone softening, dam-
age to neurons and disadvantageously affect the
activity and function of enzymes and neurotrans-
mitters, which could cause brain and blood vessel
disease. Titanium can cause allergies or peri-im-
plant reaction in the implant–bone tissue interface.
Depending on the oxidation degree of titanium there
are oxides with different stoichiometry composition:
Ti3O, Ti3O2, TiO, Ti3O5, Ti2O, Ti2O3, TiO2. The most
stable of the oxides is TiO2. Of all alloying ele-
ments of the Ti-6Al-4V ELI alloy, major attention
must be paid to Al and V ions. Infiltration of metal-
lic ions and corrosion products into the human body
can result in metallosis, thus very important are
some aspects of creating and forming the surface layer
on metallic implants [1]–[5], [7]–[11].
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In the paper, the usefulness of particular variants
of the surface treatment methods used in order to re-
strain the infiltration of metallic ions into the solution
was evaluated. The process of steam sterilization was
also taken into consideration. The results obtained
were the basis for selecting the most suitable surface
treatment method of the Ti-6Al-4V ELI alloy, which
produces the best barrier limiting penetration of me-
tallic ions and corrosion products into the human
body. According to the studies carried out it can be
concluded that the anodization process and steam
sterilization increase the corrosion resistance regard-
less of mechanical treatment or electropolishing. This
is confirmed by remarkable differences in the level
of polarization resistance Rp in comparison with
the initial state (ground surface) resistance and the
number of metallic ions infiltrated into the solution
from the alloy surface (Ti = 1.42 ppm, Al = 0.603 ppm,
V = 0.044 ppm). For the samples in the initial state
and after mechanical treatment the transpassivation
potential Etr was observed. The transpassivation phe-
nomenon occurs during the growth of the corrosion
current density, which proves initiation of the pitting
corrosion. Simultaneously, the development of pitting
is suppressed by re-creation of the oxide layer on the
material surface. It can also be noticed that the value
of the anodization potential plays a crucial role in
modeling the influence of the alloy surface resistance
to the action of corrosive environment. Steam sterili-
zation process does not decrease the corrosion resis-
tance. Corrosion potential Ecorr for sterilized surfaces
was higher in the positive direction in comparison
with those not sterilized. The most suitable surface
modification method for the Ti-6Al-4V ELI alloy was
anodic oxidation at 97 V potential carried out after the
mechanical treatment (shot peening, mechanical pol-
ishing, sandblasting). For this combination, the lowest
concentration of ions infiltrated into the solution was
observed. The average concentration values were ob-
served for Al (0.161 ppm) and V (0.33 ppm), which
can be caused by proper hardening of the alloy during
sandblasting.

References

[1] CABRINI M., CIGADA A., RONDELLI G., VICENTINI B., Effect
of different surface finishing and of hydroxyapatite coating
on passive and corrosion current of Ti6Al4V alloy in
simulated physiological solution, Biomaterials, 1997, 18,
783–787.

[2] KIEL M., SZEWCZENKO J., MARCINIAK J., NOWIŃSKA K.,
Electrochemical properties of Ti-6Al-4V ELI alloy after
anodization, Lect. Notes Comput. Sc (including subseries
Lect. Notes Artif. Int. and Lect. N Bioinformat), 2012, LNBI
7339, 369–378.

[3] KIEL-JAMROZIK M., SZEWCZENKO J., WALKE W., MARCINIAK J.,
Application of EIS method for evaluation of physicochemical
properties of modified Ti-6Al-4V ELI alloy, Prz. Elektrotech-
niczny, 2012, 88(12B), 232–235, (in Polish).

[4] KRASICKA-CYDZIK E., Anodic layer formation on titanium
and its alloy for biomedical applications, Titanium Alloys,
[in:] Towards Achieving Enhanced Properties for Diversified
Applications ed. by A.K.M. Nurul Ami.: Intech, Open Acces
Publisher, 2012, 175–200.

[5] LIU X., CHU P., DING C., Surface modification of titanium,
titanium alloys, and related materials for biomedical appli-
cations, Mater Sci. Eng., 2004, R47, 49–121.

[6] MARCINIAK J., KACZMAREK M., ZIĘBOWICZ A., Biomateriały
w stomatologii, Wydawnictwo Politechniki Śląskiej, 2008,
(in Polish).

[7] WEXELL C.L, THOMSON P., ARONSSON B.O., TENGVALL P.,
RODAHL M., LAUSMAA J., KASEMO B., ERICSSON L.E., Inter-
national Journal of Biomaterials, 2013, 2013, 1–10.

[8] AL-MOBARAK N.A., AL-SWAYIH A.A., Development of tita-
nium surgery implants for improving osseointegration
through formation of a titanium nanotube layer, Int. J. Elec-
trochem. Sc., 2014, 9, 32–45.

[9] BHOLA R., BHOLA S.M., MISHRA B., AWERS R.A., OLSON D.L.,
OHNO T., Surface characterization of anodically treated β-
titanium alloy for biomedical applications, Электронная
обработка материалов, 2011, 47(4), 75–82.

[10] FADL-ALLAH S.A., QUAHTANY M., EL-SHENAWY N.S., Sur-
face modification of titanium plate with anodic oxidation and
its application in bone growth, Journal of Biomaterials and
Nanobiotechnology, 2013, 4, 74–83.

[11] INDIRA K., KAMACHI MUDALI U., RAJENDRAN N., Corrosion
behavior of electrochemically asseblednanoporoustitania for
biomedical applications, Ceram. Int., 2013, 39, 959–967.

[12] MARCINIAK J., Biomateriały, Wydawnictwo Politechniki
Śląskiej, 2013, (in Polish).

[13] NAGY P.M., FERENCZ B., KÁLMÁN E., DJURIČIĆ B.,
SONNLEITNER R., Morphological evolution of Ti surfaces
during oxidation treatment, Mater Manuf. Process, 2005,
20(5), 105–114.

[14] NARAYANAN R., SESHADRI S.K., Phosphoric acid anodiza-
tion of Ti-6Al-4V – Structural and corrosion aspects, Corros.
Sci., 2007, 49, 542–558.

[15] POCHRZĄST M., WALKE W., MARCINIAK J., KACZMARSKA D.,
Comparison of electrochemical properties of surface modified
Ti-6Al-4V ELI and Ti-6Al-7Nb alloys used in medicine, Przegląd
Elektrotechniczny, 2013, 83(12), 310–313, (in Polish).

[16] ROESSLER S., ZIMMERMANN R., SCHARNWEBER D., WERNER C.,
WORCH H., Characterization of oxide layers on Ti6Al4V and
titanium by streaming potential and streaming current meas-
urement, Colloid Surfaces B, 2002, 26, 387–395.

[17] SZEWCZENKO J., JAGLARZ J., BASIAGA M., KURZYK J.,
SKOCZEK E., PASZENDA Z., Topography and thickness of pas-
sive layers on anodically oxidizedTi6Al4V alloys, Przegląd
Elektrotechniczny, 2012, 88(12B), 228–231, (in Polish).

[18] SZEWCZENKO J., BASIAGA M., KIEL-JAMROZIK M.,
KACZMAREK M., GRYGIEL M., Corrosion resistance of Ti6Al7Nb
alloy after various surface modification, Solid State Phenomena,
2015, 227, 483–486.

[19] ZIĘBOWICZ A., ZIĘBOWICZ B., BĄCZKOWSKI B., Electro-
chemical behavior of materials used in dental implantologi-
cal systems, Solid State Phenomena, 2015, 227, 447–450.

[20] SZEWCZENKO J., WALKE W., NOWIŃSKA K., MARCINIAK J.,
Corrosion resistance of Ti-6Al-4V alloy after diverse



Technological capabilities of surface layers formation on implant made of Ti-6Al-4V ELI alloy 37

surface treatments, Material. wiss. Werkst, 2010, 41,
360–371.

[21] VAN GILS S., MAST P., STIJNS E., TERRYN H., Colour prop-
erties of barrier anodic oxide films on aluminum and tita-
nium studied with total reflectance and spectroscopic ellip-
sometry, Surf. Coat. Tech., 2004, 185(2–3), 303–310.

[22] SONG H.-J., KIM M.-K., JUNG G.-C., VANG M.-S., PARK Y.-J.,
The effects of spark anodizing treatment of pure titanium
metals and titanium alloys on corrosion characteristics, Surf.
Coat. Tech., 2007, 201, 8738–8745.

[23] Standard ASTM F136 – 08e1: Standard Specification for
Wrought Titanium 6Aluminum-4Vanadium ELI (Extra Low
Interstitial) Alloy for Surgical Implant Applications.

[24] Norma PN – EN ISO 4287(1999): Specyfikacje geometrii
wyrobów. Struktura geometryczna powierzchni: metoda pro-
filowa – Terminy, definicje i parametry struktury geome-
trycznej powierzchni, (in Polish).

[25] Standard ASTM F 746-04(2009)e1: Standard test method
for pitting or crevice corrosion of metallic surgical implant
materials.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


