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INTRODUCTION

Development of modern urology requires improve-
ment of surgical techniques, which in turn determines
the necessity to produce modern equipment and a range
of auxiliary materials for treatment. One should mention
here guide wires. Thanks to their application during op-
eration, it is possible to insert endoscopes, catheters or
urological stent efficiently. Both, guide wires and stents.
are made of stainless steel. They must feature suitable
application properties for individual applications �1-3�.

MATERIAL AND METHODS

The following material was selected for experimen-
tal tests: wire made of X2CrNiMo 17-12-2 steel in ac-
cordance with PN-ISO 5832 – 1, generally used for pro-
duction of urological stents.

Samples for tests, taken both from wire were sub-
jected to the following treatment: mechanical grinding,
which was made by means of hydrous abrasive paper
with granularity of 120 ÷ 500 grains/mm2; electrochem-
ical poli-shing: for steel it was performed in the solution

with chemical composition presented in Table 1 in the
period of 4 minutes; chemical passivation for both
biomaterials was made in 40 % solution of HNO3 in the
temperature of 65 ±1°C in the period of 60 minutes.

Tests of physical and chemical characteristics of steel
wires with created passive layer were conducted in two
stages. Stage one consisted in determination of applica-
bility of the layer in urine-like solution �4�, which in clini-
cal conditions the tested material has contact with.

The aim of stage two was to determine characteristics
of passive layer after 30-day immersion in artificial urine.

Measurement of surface roughness

Tests of surface roughness were carried out with ap-
plication of linear mechanical contact measurement
method by means of profilometer SURTRONIC 3+ by
Taylor/Hobson. The measurement was made on the sec-
tions with l = 0,8 mm and precision ± 0,02 �m. The
value of parameter Ra was determined.

Corrosion resistance testing

The pitting corrosion tests were realized with the use
of potentiodynamic method by means of recording of
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The main criterion for austenitic steel X2CrNiMo 17-12-2 suitability for guide wire in endourology is its biotole-

rance. It is most of all connected with physical and chemical properties of wire surface, which should be adju-

sted to the characteristics of the environment of human urinary system tissues. Suitability of the proposed

passive layer for purification of wire surface was determined to a great extent by its chemical composition. The-

refore, this study included chemical composition tests by means of X-ray Photoelectron Spectroscopy (XPS),

during which atomic concentration of elements in tested passive layers was identified and determined. Resi-

stance to pitting corrosion was evaluated on the ground registered anodic polarisation curves by means of po-

tentiodynamic method.
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anodic polarization curves �4,5�. The VoltaLab® PGP
201 system (Radiometer) for electrochemical tests was
applied. The saturated calomel electrode (SCE) of
KP-113 type was applied as the reference electrode. The
PtP-201 platinum electrode was the auxiliary electrode.
Corrosion resistance of all samples was investigated.
The corrosion tests were undertaken in artificial urine
�6�. Temperature of the solution was equal to 37 ±1 °C
and pH = 7,0 ±0,2.

The measurements were carried out after 60 min im-
mersion in the artificial urine while the open circuit po-
tential (OCP) was recorded. The potential scan was
started at 100 mV more cathodic potential than the OCP,
increasing toward the anodic values at a constant rate of
1 mV/s up to 1 mA/cm2, and then a reverse scan was car-
ried out toward the cathodic value.

XPS study

Chemical composition investigations of surface layers
were realized with the use of the multifunctional electron
spectrometer Physical Electronics PHI 5 700/660. The
X-ray photo-electron spectroscopy (XPS) with mono-
chromatic radiation AlK� of 1 486,6 eV was applied.

The tests were carried out on the samples of polished
as well as polished and passivated surfaces in the form
of bar. The measurement of photoelectron spectrum in
the wide range of binding energy from 0 ÷ 1 400 eV and
precise measurements of the spectrum lines of elements
from the surface layer were conducted. For the applied
excitation energy, the mean free path of photoelectrons
was in the range 5 Å ÷ 20 Å.

SEM study

Scanning microscopy was applied to enable evalua-
tion of wire surface condition after corrosion tests in ar-
tificial urine. By means of scanning electron microscope
with field emission FE SEM S-4 200 HITACHI
coope-rating with spectrometer Voyager 3 500 NORAN
INSTRUMENTS, qualitative and quantitative analysis
of surface layer chemical composition was made.

RESULTS

Mean arithmetic value of profile deviation from av-
erage line for samples with ground surface equalled Ra =
0,45 �m, for samples with polished as well as polished

and passivated surface Ra = 0,12 �m. Surface roughness
of polished as well as polished and passivated surface
expressed by Ra parameter did not exceed 0,16 �m,
which is the maximum value of surface roughness al-
lowable for such goods.

In the first stage of tests anodic polarisation curves
were determined for wires in initial condition – Figure 1.
On the ground of carried out tests it was determined that
mean value of corrosion potential for wires that were
only polished equalled Ecorr = -83 mV.

Application of chemical passivation process brought
about the change of mean value of corrosion potential to
Ecorr = -157 mV - Figure 1. Next, for wires that were ex-
posed to artificial urine solution for 30 days, its value
equalled respectively: for polished surface Ecorr = -34
mV; for polished and passivated surface Ecorr = -501 mV
– Figure 2.

Determined anodic polarisation curves were charac-
terised by the presence of hysteresis loop. Rapid in-
crease in anodic density current in analysed measure-
ment range was observed, which proved that pitting cor-
rosion process was initiated. A typical image of a pit re-
sulting after corrosion tests in artificial urine on the sur-
face of polished as well as polished and passivated wire
is shown in Figure 3.

For polished wire in initial condition, the value of per-
foration potential remained at the average level Eb = +350
mV, and after exposure it was slightly lower and equalled
Eb = +202 mV. Chemical passivation process caused the
increase in perforation potential up to the value of Eb =
+1 203 mV for wire in initial condition. Identical value
was registered for passivated wire after exposure in artifi-
cial urine solution for 30 days. Determined in addition, by
means of Stern method, values of polarisation resistance
Rp and corrosion current density icorr for particular vari-
ants of tested wire were respectively:

– polished wire – Rp = 216,3 k�cm2,
icorr = 0,120 �A/cm2,
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Figure 1 Anodic polarisation curves determined for wire
polished and passivated

Table 1 Chemical composition of the solution poli-
shing

Component Amount Conditions

H3PO4 55 � 60 % wt
T = 60 ± 1°C,
i = 40 ± 1 A/dm2

H2SO4 35 � 45 % wt

C2H2O4 40 � 60 g/dm3

C8H9NO 40 � 60 g/dm3

Inhibitor of corrosion 3 g/dm3

Figure 2 Anodic polarisation curves determined for wire
polished and passivated (30 days)



– polished wire after exposure in artificial urine so-
lution – Rp = 203,9 k�cm2, icorr = 0,128 �A/cm2,

– polished and passivated wire
Rp = 232,1 k�cm2, icorr = 0,112 �A/cm2,

– polished and passivated wire after exposure in ar-
tificial urine solution Rp = 8,1 k�cm2,
icorr = 3,174 �A/cm2.

Applicability of proposed passive layer for the re-
finement of steel wire surface is determined to a great
extent by its chemical composition. Therefore, at the
next stage of work tests of chemical composition of pas-
sive layer, created as the result of electrochemical pol-
ishing, were carried out – Figure 4, Table 2, as well as
electrochemical polishing and chemical passivation –
Figure 5, Table 2.

For the electropolished and passivated wire of the
X2CrNiMo 17-12-2 steel the presence of the following
elements was revealed: C, N, O, Na, Ca, Cr, Fe, Ni.

Analysis of the obtained results shows that the C1s
carbon line (with the maximum reached for the energy
Eb = 285,3 eV) corresponds with carbon compounds of
C-C double bond – air origin impurities. Wide oxygen
line with the peak of Eb = 530,5 eV corresponds to metal
oxides (Fe, Mo, Zn). The Mo3d5/2 line (the maximum
for the energy Eb = 228,1 eV) confirms the presence of
metallic Mo. The asymmetry of line in the direction of

higher energy shows the influence of molybdenum ox-
ide. The Cr2p3/2 line refers to three chemical states of
chromium – metallic, CrO2 and Cr2O3. The 852,8 eV
binding energy (Ni2p3/2 line) relates to metallic Ni. The
recorded Fe2p3/2 line (with the maximum reached for
the energy Eb = 706,9 eV) shows dominant, metallic
state of iron. Deformation of the line observed for higher
energy indicates that iron is also present in the form of
the Fe2O3 oxide.

Measurement of inspection spectra for wire after ex-
posure in artificial urine revealed the presence of the fol-
lowing elements in the upper layer: C, N, O, Na, Mg, Si,
P, Cl, K, S, Ca, Ni, Cr, Fe and Mo – Figure 6. and 7.
Spectra presented in Figures 4 – 7 show lines coming
from electronic states of respective elements, as well as
lines of Auger electrons designated as KLL or LMM.
Obtained spectra of respective elements showed that the
impact of artificial urine on the sample surface, irrespec-
tive of the type of surface modification, contributed to
the increase in oxygen concentration connected mainly
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Figure 3 Typical image of a pit created after corrosion
tests: a) electrochemically polished surface, b)
surface that was electrochemically polished
and chemically passivated

Figure 4 XPS spectrums of X2CrNiMo 17-12-2 steel sam-
ples of electro-polished surface

Figure 5 XPS spectrums of X2CrNiMo 17-12-2 steel sam-
ples of electro-polished and chemically passiva-
ted surface

Figure 6 XPS spectrums of X2CrNiMo 17-12-2 steel sam-
ples of electropolished surface after 30 days in
artificial urine



with iron in Fe2O3 oxide, chromium in Cr2O3 oxide and
nickel in Ni2O3 oxide.

Sulfates, silicates and phosphates as well as CaSO4,
CaCl2 compounds and compounds containing NH3 or
-NH2 groups were observed on the surface.

Concentration of respective alloy elements (Fe, Cr,
Ni, Mo) in relation to chemical composition of the sub-
strate was substantially decreased – Table 2, which must
be regarded as extremely good for biotolerance. All ele-
ments were in oxidation state, only iron was partially in
metallic state.

Observation on electron scanning microscope before
and after 30-day exposition in artificial urine solution
did not show any changes in topography of wire surface.
After exposure, only the presence of tiny NaCl crystals
with regular shapes and various dimensions was discov-
ered on the surface of polished as well as polished and
passivated wires, that could be easily removed in ultra-
sonic washer – Figure 8.

SUMMARY

Applicability of specific way of wire surface modifi-
cation requires execution of a series of tests, both in lab-
oratory and clinical conditions. That is why in this study
the influence of chemical passivation process on physi-
cal and chemical characteristics of samples made of
X2CrNiMo 17-12-2 steel after their exposure for 30
days in artificial urine solution, simulating the environ-
ment of human urinary system, was analysed.

On the ground of carried out tests it can be stated that
the process of chemical passivation of X2CrNiMo
17-12-2 steel, conducted in order to maintain required
procedures concerning the quality of wire that is made of
it and its safe application in urological treatment, contrib-
utes to favourable changes by improvement of corrosion
resistance of this type of metallic biomaterial. The layer
created as the result of passivation process on the surface
acts as an extra barrier protecting the wire from influence
of human tissue environment. Chemical composition of
passive layer was subject to favourable decrease in main
alloy elements – Fe, Cr, Ni, Mo in relation to the base, and
the fraction of oxides of those elements increased. Oxide
compounds feature greater biocompatibility �6�.
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Figure 7 XPS spectrums of X2CrNiMo 17-12-2 steel sam-
ples of electro-polished and chemically passiva-
ted surface after 30 days in artificial urine

Table 2 Chemical composition of passive layers formed on the wire

surface of wire
C N O Na Mg P Cl K Ca Cr Fe Ni Mo

% wt.

polished 11,60 0,42 48,96 0,84 - 0,54 - - 0,15 14,79 21,00 0,30 0,72

passivated 35,47 2,03 45,44 0,65 - 0,45 - - 0,25 9,92 5,51 0,99 0,19

polished
(after 30 days)

59,35 7,22 26,46 1,67 0,21 1,53 1,63 0,18 0,40 0,66 0,28 0,08 -

passivated
(after 30 days)

45,42 5,59 36,83 1,28 0,33 3,08 1,00 0,42 0,41 3,71 1,26 0,29 0,15

Figure 8 NaCl crystals created on the surface of steel af-
ter 30-day time of exposure in artificial urine


