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Two non-precious Ni based alloys (Wirolloy and VeraSoft) and one Ce based alloy (Vitallium) were investi-
gate in this study. Based on the cyclic and linear polarization curves of the three commercial alloys maintained in ar-
tificial saliva, the type and the intensity of the corrosien process can be estublished by means of the corrosion cut-
rents values. The corrosion current values decrease after the alloys were kept in the corrosive medium, due to their
passivation. The microscopic analysis of the alloys surfaces shows that the corrosion type is not modified. The alloys
Vitallium and Wirolloy are in the optimum corrosion resistant condition and are acceptable to be used as dental materials. The
VeraSoft alloy presented a pitting potential between +450 mV (with fresh polished surface) and +500 mV (24 hours after
immersion in artificial saliva) and is considered marginal.
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EJIEKTPOXEMHCKO OJHECYBAILE HA HEKOH HERJIATOPOIHHU JETYPH
BO FUSAYAMA BENITAYKA ITTYHKA

HICnHTYBaHA ce KOPOIMBHMTE KapaKTEPHCTHKY Ha ABE HeGJIaTOPONHH JIETYPH, Bp3 ocHoBa Ha Ni (Wi-
rolloy m VeraSoft) n eqHa Bps ocxora Ha Co (Vitallium), Bp3 ocioBa Ha HCIHTYRabhaTa CO IOMOIN HA LHKJTH-
Ha M JIHHE4PHA NoAapU3alija ce noOHEHH BPERHOCTHTE Ha KOPO3HBHUTE CTPYH Ha TPHTE HABENEHH KOMEp-
LHAJTHH JIETYPH BO BEINITAMK: IUIYHKA H € OAPeleH THIOT H HHTEH3HTETOT Ha KOPO3HBHHOT Mpoliec. Y TBpAe-
HO & [ICK4 110 HITOXKYBaHE Ha JIETYDHTE BO KOPOIHBHHOT MEHYM BPEIHOCTA Ha KOPO3HBHATA CTpYyja (Gpan-
HA Ha KOpO3Hja) C¢ HAMaJTyBa K4KO DE3YNTAT Ha HUBHATA [MACHBU3almja. MAKPOCKOTICKHTE HCIHTYRAMhA HA
MOBPUIHHATE HA JETYPHTE He YKAKYBaaT Ha NPOMERH BO THNOT Ha KOPO3ujaTa (NacuBHA), Ia CHOpe] TOA
aerypute Vitallium u Wirolloy AMaaT oNTHMAIHa KOPOIHBHA OTHOPHOCT H MOXKAT Ja ¢ KOPHCTAT KAKO MaTEPHjaIm
BO cTOMaTONIOrHjaTa. Jlerypara VeraSoft nopapu nojapata Ha TOMKeCTa (pitting) Kopoayja, 1o 24-4acoBHO HAIONYBa-
H BO KOPO3HBEH MeHYM, He Ct NPENOpPAYyBa 33 HaBEIeRaTA UL,

Kayunu 36oposan: nebGnaroponu nerypn; Fusayama-BeIITaVKa [UYHKa; KOPO3UBHA CTPYja; NacHBH3aUmja;
TOYKECTa KOPO3IHja

INTRODUCTION

The non-precious alloys react easily with the
biochemical medium from the oral cavity due to
their complex composition, and are especially de-
graded by electrochemical corrosion. The most
commonly used base metal alloys in dentistry are
nickel-chromium alloys. These materials are cur-

rently used for crowns, bridges casting, and den-
ture bases. New Ni-free austenitic stainless steels
with high Cr, Mo and Nb content have been devel-
oped and are exhibiting excellent mechanical and
tribological properties [1]. The titanium alloys,
which have small modulus (comparable with those
of the bone), and excellent corrosion properties [2,
3] do not possess good tribological properties. The
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most important factors that affect the choice of
dental metallic material are the capacity of the
body acceptability for the alloy, or so-called bio-
compatibility.

Since the corrosion products of dentai alloys
are metal ions which may be the reason for aller-
gies and some other diseases, the electrochemical
behaviour of non-precious alloys such as Ni-Cr
alloys has been the subject of a number of prior
investigations [4-7]. ,

Meyer et al. [8], reported in a study of the
electrochemical behaviour of nickel-based casting
alloys useful for surgical implants that these alloys
with high molybdenum and manganese contents
show a definitely better resistance to corrosion.
The alloys without any molybdenum were unable
to resist in the artificial saliva and they were con-
stantly active and corroding.

Although there have been several reports on
the repeated use of precious metals and evaluation
of their physical and mechanical properties, there
were few reports on the evaluation of the corrosion
resistance of non-precious alloys after their re-
peated use [9].

Utilization of Ni in dental alloys is beneficial
because its properties satisfy the essential re-
quirements of dental replacements: corrosion resis-
tance, strong, thin, and cheap material. Only the
alloys with chromium and cobalt provide the me-
chanical properties accepted by dentistry. It was
demonstrated that nickel dissolves from dental de-
vices into the saliva, the dissolution rate being ac-
celerated by beryllium, if present in the alloy. On
the other hand, nickel is recognized as the most
carcinogenic metal on Earth. Thus alloys produc-
ing nickel ions can cause cancer because these ions
can be absorbed readily across the cell membranes
[10]. In some cases the utilization of low concen-
tration of Cr, up to 11 %, is enough for delaying
the release, due to the formation of a stable passive
layer which covers the alloys surface. Increasing
the Cr concentration above 11 % increases the cor-
rosion protection but also increases the melting
point of the alloy [11]. Addition of nickel im-
proves the protection of the alloy from corrosion in
neutral and weakly oxidized media and improves
the ductile and formalization properties [12].

EXPERIMENTAL

Three non-precious dental alloys used in den-
tal prosthetics construction were investigated.
Their composition is shown in Table 1.

Table 1

The chemical composition of the dental alloys

. Alloy Main components (%)
Wirolloy  63.5 Ni 23Cr 9Fe 3Mo 0.5Mn 151
VeraSoft 53.6Ni 19.5Mn 14.5Cr 9.5Cu 1.6Al 1.55i

Vitallium 63.8Co 28.5Cr 6Mo

The Vitallium and VeraSoft alloys were ob-
tained from AalbaDent, USA, and the Wirolloy
alloy from Beco, Germany. The electrolyte used as
corrosion medium was a solution of the aerated
artificial saliva (Fusayama) that is composed of:
NaCl - 04 g/, KCl - 04 g/l, Na,HPO;H,O —
0.069 g/l, Na,S-9H,0 ~ 0.005 g/, CaCl,:2H,0 -
0.795 g/l, urea — 1.0 g/l, pH = 6.2. All chemicals
were of p.a. purity.

The electrochemical measurements were made
with an assembly of three electrodes: a working
electrode, a platinum counter-electrode, and a ref-
erence electrode of saturated calomel (SCE). The
working electrode, made from alloy sample was
processed into a cylindrical shape and mounted in
a Teflon support. In these conditions the surface
exposed to corrosion was a one-dimensional circu-
lar surface. The surface area of the working elec-
trode was 0.385 cm®.

Before experimental determinations the sam-
ples were mechanically polished using abrasive
SiC paper with up to a granulation number of 2500
mesh. Then they were washed with water, de-
greased with ethyl alcohol, and preserved in dou-
ble-distilled water.

The measurement system was managed by an
electrochemical system VOLTAI.AB-32, which
consists of a potentiostat, an electrochemical inter-
face, and a PC. Experimental data were acquired
and processed with the VoltaMaster 2 software.
Determination of open circuit potential and the
cyclic polarization curves recording were per-
formed with a saturated calomel electrode (SCE)
and a platinum grit as a counter electrode.

The corrosion process was characterized by
several electrochemical parameters:

~ The open circuit potential {£o¢), recorded
for 24 h with the sample immersed in an aerated
electrolyte.

— The polarization resistance (R,), calculated
from traces of the polarization curve at + 10 mV
VS, Eoc.
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— The Tafel slopes (b, and b.) and the corro-
sion current (I,,,) using the Stern-Geary [13] equa-
tion:

_ babc
O 23R, (b, +B;)

The Tafel slopes were calculated from plots
of the polarization curves at + 150 mV vs. Eoc.
The scanning rate was 0.5 mV/s.

— The cyclic potentiodynamic polarization
curve (350 mV...+1500 mV...-350 mV), recorded
with a scanning rate of 10 mV/s.

All tests were repeated twice. After the elec-
trochemical treatment, the analysis of the alloys
surface was performed with a scanning electron
microscope TESLA BS 300 and an optical micro-
scope MC6.

RESULTS AND DISCUSSIONS

Metals immersed in an electrolytic environ-
ment generate an electric potential that change
with time and stabilises to a stationary value after
a period of immersion. As in the case of any sur-
face phenomenon, this potential may vary with
time because changes in the nature of the surface
of the electrode occur (oxidation, formation of the
passive layer or immunity). The alloys with the
most active (negative) potentials will generally
undergo more significant corrosion, while the
other alloys (with more positive potential values)
will generally suffer less attack. The open circuit
potential is used as criteria for the corrosion be-
haviour. This approach is qualitative and remains
insufficient for a complete analysis.

Figure 1 shows the curves of the open circuit
potentials versus time for the three alloys.

Following the immersion, an abrupt open cir-
cuit potential displacement towards positive poten-
tials, for Vitallium and Wirolloy alloys, was no-
ticed in Figure 1 during a period of 2 hours. After
two hours in the case of the Vitallium alloy, its
potential increase from -389 to —77 mV, and for
Wirolloy alloy from -345 to —125 mV. After-
wards, the open circuit potential for Vitallium and
Wirolloy alloys slowly increase, suggesting the
growth of a film onto the metailic surface. The
open circuit potential for Vera Soft, initially de-
crease reaching an approximate constant value at
the active-passive transition zone. This phenome-
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non is probably characteristic of corrosion of the
sample before formation of a passive layer.
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Fig. 1. Variation of open circuit potential with time for three
dental alloys in artificial saliva: 1- Vitallium alloy,
2 — Wirolloy alloy, and 3 — VeraSoft alloy

The open circuit potential of the all the alloys
are summarized in Table 2.
The highest Egc was found for the Vitallium

alloy, followed by the Wirolloy alloy, and the
VeraSoft alloy.

Table 2

The open circuit potential values: initial
and after 24 hours since alloys samples immersion
in artificial saliva

Open circuit potential, Eg- {mV vs. SCE)

Alloy

Initial After 24 hours
Wirolloy -345 -30
VeraSoft ~142 -174
Vitallium -389 =25

Figure 2 shows the cyclic polarization curves
for the Vitallium, Figure 3 shows the cyclic polari-
zation curves for the VeraSoft, and Figure 4 shows
the cyclic polarization curves for the Wirolloy al-
loy, having the surface mechanically polished with
abrasive SiC paper, and after 24 hours in an artifi-
cial saliva solution. The cyclic polarization curves
show the best behaviour for Vitallium and Wi-
rolloy alloys. This behavior will be explained by
the values of the parameters detailed in Table 3.
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Fig. 2. The cyclic polarization curves for the Vitallium alloy:

1 — with fresh polished surface, 2 — after 24 hours of
immersion in artificial saliva
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Fig. 3. The cyclic polarization curves for the VeraSoft alloy:

1 — with fresh polished surface, 2 — after 24 hours of
immersion in artificial saliva
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Fig. 4. The cyclic polarization curves for the Wirolloy alloy:

1 — with fresh polished surface, 2 - after 24 hours of
immersion in artificial saliva

In Table 3 presented are the corrosion process
parameters corresponding to the three alloys stud-
ied with various surface treatments: fresh polished
surface and the alloy surface maintained for 24
hours.

The polarization resistance (R,) was deter-
mined by the tangent of the polarization curve
(= 10 mV vs. Egc SCE) at [ = 0. The R, is repre-
sentative of the degree of protection of the passiva-
tion layer of the alloy surface. As the value of R,
increases, the alloys will resist better to corrosion.
All the results are shown in Table 3, The best be-
haviour for the alloys with fresh polished surface
is revealed by Vitallium and Wirolloy, with R,
values of 227-10° Q cm? and 107-10° Q cm?, re-
spectively. The Tafel slopes (b, and b,) were de-
termined by fitting of a theoretical polarization
curve to the experimental polarisation curve plot-
ted in a range of £ 150 mV vs. Egc. The corrosion
current (L) is representative of the degree of
degradation of the alloy. An alloy with a tendency
toward passivation will have a value of b, greater
than b., whereas an alloy that corrodes will have a
b, less than b [14].

Table 3 shows the evaluated values of 5,, b,
and I, calculated using the Stern-Geary equation.

Figure 5 shows in linear representation the
part of the polarization curve for all the three al-
loys with fresh polished surface in artificial saliva,
in the scale of anodic currents between 0 and 500
uA/em’. This helps to visualize the pitting and
transpassivation potential and another -electro-
chemical parameters, which characterize the corro-
sion behaviour of the alloys.
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Fig. 5. Potentiodynamic polarization curves presented on
linear axes in order to reveal the transpassivation and pitting
potential for the: | — Vitallium alloy, 2 — Wirolloy alloy, and

3 — VeraSoft alloy (with fresh polished surface in artificial

saliva)
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The pitting and transpassivation potentials are
the potentials at which the anodic current strongly
increases. The potential range situated between the
zero current potential (Eg.q) and the transpassiva-
tion potential or the pitting potential represents the
immunity zone in which the corrosion is weak or
insignificant.

Table 3 presents the values of the pitting po-
tential, repassivation potential, and transpassiva-
tion potential.

Analysis of the data contained in Table 3 re-
veals that at initial moment of immersion in artifi-
cial saliva, all three alloys show relatively high
negative values of zero corrosion potential (ZCP).

The high values of b, compared with the val-
ues of b, for all four alloys indicate an anodic con-
trol in the corrosion process. The control implies
the existence of a passive layer on the material
surface.

Corrosion currents have values of nA order,
the highest value being recorded for the VeraSoft
alloy.

From the cyclic polarization curves, a typical
pitting corrosion is evidenced for the Wirolloy and
VeraSoft alloys (they have clockwise loops). In
cyclic polarization curve the repassivation (protec-
tion) potential E,., is noted where the reverse scan
intersects the forward scan. The E,,, is defined as
the potential below which pre-existing corrosion
pits will passivate and cease to grow under the par-
ticular cyclic polarization conditions.

For the VeraSoft dental material the repas-
sivation potential is still very small and near ZCP;
therefore the susceptibility degree of pitting corro-
sion is high.

A hypothesis explaining the physical signifi-
cance of E,, is proposed as follows: On the for-
ward scan of the cyclic polarization curve, an ox-
ide layer grows on the VeraSoft alloy.

At higher (more noble) potentials, above the
pitting potential (E,;), localized micro-cracking of
the oxide layer occurs resulting in the underlying
alloy being exposed to corrosive medium leading
to the formation of pits. There is thus a rapid rise
in the current density at potentials nobler than the
pitting potential. When the scan is reversed at the
vertex potential, the pits developed during the for-
ward scan begin to repassivate as the potential de-
creases. In the case of VeraSoft, the repassivation
process is slow, the current will decrease at a
slower rate as a function of potential (and time),
resulting in a lower repassivation potential value.
In the case of Wirolloy, the repassivation process
is fast, the current will decrease at a faster rate as a
function of potential. The Wirolloy alloy shows a
reduced susceptibility to the pitting corrosion due
to the high value of E,; and to the quick repassiva-
tion of the surface (AE has a low value).

The alloy Vitallium exhibits high value of

transpassivation potential, over 700 mV. The cyclic
polarization curve is typical for a uniform corrosion.

Table 3
The main parameters of the corrosion process

Alloys ZCP R, b, be Lo E, E Enp AE

(mV) (e cm2) {(mV/div) {mV/div) (nA/cmz) (mV} {mV) (mV) {mV)

The alloys with fresh polished surface
Vitallium 253 227-10° 90 170 113 710 - - -
Wirolloy -305 107-10° 100 160 250 - 750 680 70
VeraSoft —~188 20-10° 115 150 1413 - 450 =35 4865
The alloys maintained for 24 hours in artificial saliva

Vitallium -182 310-10° 120 180 101 820 - - -
Wirolloy 208 274-10° 110 165 105 - 830 750 80
VeraSoft -41 101-10° 115 165 291 - 500 -35 535

ZCP = E ;g — zero corrosion potential; K, — polarization resistance: b, and b, — Tafel slopes; I, — density of corrosion
current; E,, — transpassivation potential; E,;, — pitting potential; E,,, — repassivation potential; AE = £, - E,,,

Maced. J. Chem. Chem, Eng., 26 {1), 57-63 (2007)
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After the alloys immersion for 24 hours in ar-
tificial saliva, the ZCP values increase for Vital-
lium and Wirolloy over time, but decrease for the
VeraSoft alloy. This behaviour is in agreement
with the variation of open circuit in time. Twenty-
four hours after the alloys immersion in artificial
saliva, the polarization resistance increases, and
the corrosion decreases, but the type of corrosion
(pitting) is not changed. Although E,; of VeraSoft
alloy has slightly increased value, the susceptibil-
ity to the pitting corrosion is still high due to the
low values of repassivasion potentials (AE has a
high value}.

The cyclic polarization curve of Vitallium al-
loy with the surface maintained for 24 hours in the
corrosion environment corresponds to a general-
ized corrosion process. These alloys present trans-
passivasion potentials over 800 mV. The Vitallium
does not exhibit a pitting potential in the range of
potential tested indicating that its passive/oxide

layer is very compact and protective, preventing
COITOSion.

The repassivation potential, E,,, and pitting
potential, E,;, values increase for Wirroloy alloy,
proving that the pitting corrosion susceptibility
decrease,

All materials passed directly into a stable pas-
sive behaviour from the “Tafel region” without
exhibiting a traditional active-passive transition.

The microscopic analysis of the samples sur-
face confirms a different behaviour of Vitallium
alloy in comparison with the other two alloys char-
acterized by pitting corrosion. Figure 6 shows the
microstructures of Vitallium, VeraSoft, and Wiro-
lloy alloys after corrosion.

The analysis of Figure 6 indicates the appear-
ance of corrosion points at the surface of VeraSoft
and Wirolloy alloys and the development of a gen-
eralized corrosion process in case of Vitallium alloy.

Fig. 6. Microstructures of allays studied:
(a) — Vitallium, (b) — Wirolloy, (c) — VeraSoft.
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CONCLUSIONS

Saliva in the human oral cavity is generally
considered to be an aerated environment. Linear
and cyclic polarizations were conducted in an aer-
ated medium in this study. However, a deaerated
environment will only affect the reduction reac-
tion, not the oxidation reaction, In addition, certain
areas in the oral cavity, such as the subgingival
region, and areas under the plaque, are in a deaer-
ated condition.

The Vitallium and Wirclloy alloys show a
strong corrosion resistance.

All the alloys passed directly into a stable
passive region, without exhibiting the traditional
active-passive transition.

Over the surface of the Vitallium alloy a uni-
form corrosion appears, while in case of the Vera-
Soft and Wirolloy alloys surface a pitting corro-
sion is developed.

The alloys Vitallium and Wirolloy are in the
optimum corrosion resistant condition and are ac-
ceptable to be used as dental materials. The Vera-
Soft alloy that presented a pitting potential be-
tween +450 mV (with fresh polished surface) and
+500 mV (24 hours after immersion in artificial
saliva) is considered to be marginal.
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