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Chemical passivation as a method
of improving the electrochemical corrosion resistance
of Co-Cr-based dental alloy
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Purpose: The purpose of the study was to evaluate corrosion resistance of Wirobond C® alloy after chemical passivation treatment.
Methods: The alloy surface undergone chemical passivation treatment in four different media. Corrosion studies were carried out by
means of electrochemical methods in saline solution. Corrosion effects were determined using SEM. Results: The greatest increase in the
alloy polarization resistance was observed for passive layer produced in Na,SO, solution with graphite. The same layer caused the highest
increase in corrosion current. Generally speaking, the alloy passivation in Na,SO, solution with graphite caused a substantial improve-
ment of the corrosion resistance. The sample after passivation in Na,SO, solution without graphite, contrary to others, lost its protective
properties along with successive anodic polarization cycles. The alloy passivation in Na3PO4 solution with graphite was the only one
that caused a decrease in the alloy corrosion properties. The SEM studies of all samples after chemical passivation revealed no pit corro-
sion — in contrast to the sample without any modification. Conclusions: Every successive polarization cycle in anodic direction of pure
Wirobond C® alloy enhances corrosion resistance shifting corrosion potential in the positive direction and decreasing corrosion current
value. The chemical passivation in solutions with low pH values decreases susceptibility to electrochemical corrosion of Co-Cr dental
alloy. The best protection against corrosion was obtained after chemical passivation of Wirobond C* in Na,SO, solution with graphite.
Passivation with Na,SO, in solution of high pH does not cause an increase in corrosion resistance of WIROBOND C. Passivation proc-
ess increases alloy resistance to pit corrosion.
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these studies are connected with biological property
enhancement [10], [14], [30].
The improvement in passive properties of metal sur-

1. Introduction

Metal alloys, commonly applied in dental pros-
thodontics, i.e., austenitic steel, Co-Cr alloys and
titanium alloys exhibit lower corrosion resistance
and induce stronger biological response in compari-
son to the alloys with high precious metal content.
Studies aiming at the alloy surface protection against
influence of aggressive environments have been car-
ried out for years. In the case of medical application,

face in human body environment is the next method, that
should improve corrosion resistance of the so called non-
noble metal alloys [1], [8], [11], [21], [22], [25], [26],
[28]. Passivity is the state in which corrosivity is consid-
erably decreased. This is a result of protective layer for-
mation on the alloy surface. Alloys covered by such
layers exhibit higher electrochemical potential than in an
active state. Beside self-passivation specific for some
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metals and alloys, passivity can be gained by means of
chemical interactions with adequate passivator or with
electrochemical passivation [4], [24], [29], [33]. Passive
layers should exhibit low ionic conduction, low solubil-
ity, high abrasion resistance and adhesion.

Biocompatibility of Co-Cr-Mo alloys is connected
with high corrosion resistance, which results from in-
trinsic passive layer formation on the alloy surface
[15]-[19]. Unfortunately, these alloys were often found
to release ions in human body environment [3], [6], [7].
It could be possibly caused by passive layer solubility
as a result of metal ion diffusion through the layer,
pulping in transpassivation conditions or local damage
of passive layer as a result of local corrosion, or me-
chanical damage. There is little literature on electro-
chemical properties, chemical composition or modifi-
cations of passive layers on Co-Cr-Mo alloys. The
passivation of acid resistant steels and titanium alloys
applied in medicine has been intensively investigated
[5], [12]. Most of the previous studies on Co-Cr-Mo
alloys concentrate on abrasion resistance evaluation of
these alloys and on depassivation processes in the test
on mechanical superficial scratch of surface alloys [9],
[20], [27], [31], [32].

The aim of the study was to evaluate the influence
of chemical passivation treatment of Co-Cr alloy sur-
face on corrosion resistance.

2. Materials and methods

The samples made of Co-Cr alloy (Wirobond C,
Bego, Bremen, Germany) were casted by means of
a rotary method. The chemical composition of Wiro-
bond C® is shown in Table 1.

Table 1. The chemical composition of Wirobond C®

Co Cr Mo W | Si, Fe, Ce
Wirobond C | [%] [%] [%] [%] [%]
61 26 6 5 <2

Alloy samples in the shape of a cylinder (11 mm
in diameter and 5 mm in height) were fabricated as
follows: Frontal surfaces were mechanically polished
using water with abrasive paper ranged from 80 to
2000 grain. Next, samples were polished with polish-
ing paste. Every sample was washed, degreased and
dried with compressed air.

The following reagents were used during passiva-
tion process of Wirobond C* samples:

— Solution of Na,SO,*10H,0 (pH = 7);

(a passivating solution of 25 grams per liter

Na2804' 10H20)

— Solution of Na,SO,*10H,0 (pH = 7) + graphite.

— Solution of Na;PO,*12H,0 (pH = 12) + graphite;

— Solution of NaNO; + Cr(III) + Co(Il) (pH = 1.89);
(a passivating solution of 7 grams per liter
NaNO;-12H,0 + 15 grams of Co,NO; * 6 H,O +
13 grams CrCl; * H20 to which nitric acid was
added to adjust the pH to pH 1.89).

Sodium salts were selected to achieve non-aggres-
sive oxyanions that promote the formation of a uniform
passive layer on the alloy surface, but does not chemi-
cally react with the alloy surface. By using the graph-
ite rod we achieved galvanic passivation: passivation
with the macroscopic separation of the anodic and
cathodic processes.

Passivation process was carried out by 24-hour
immersion in a reagent at the temperature of 20 °C.
Next, the corrosion resistance study was performed
and the results were collected with the control sample
(without modification).

For each sample the following measurements by
means of AUTOLAB electrochemical study set were
performed:

e polarization resistance Rp, curvature points distant
from corrosion potential up to 30 mV were ap-
proximated. The polarization resistance was cal-
culated from linear dependence of current intensity
from potential in this range.

e potentiodynamic study: corrosion potential value
and corrosion current value were obtained upon
approximation of function in the cathodic and
anodic range in the area close to linear dependence
of current intensity from potential (in the distance
not smaller than 20 mV from potential value, for
which the current intensity exhibits minimal value
— Tafel’s range).

Each sample undergone three polarization cycles.

Samples were initially degreased in ethanol and
mounted successively in a vessel filled with 0.9%
aqueous solution of NaCl in the manner that the sub-
merged surface amounted to 1.73 cm’. A platinum
strip above the sample served as a counter electrode.
The reference electrode was a saturated calomel elec-
trode with electrolytic bridge terminated with a Lug-
gin capillary. The anodic polarization was carried out
for all samples about 120 min after submersion.
Measurements were taken with the speed of ImV/s.
All potential values were calculated for the saturated
calomel electrode (E°=0.241 V vs. SHE).

The surface condition of all samples after corro-
sion study was evaluated in the scanning microscope
Hitachi S-3000N.
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3. Results

The dependence of current intensity from poten-
tial for three successive anodic polarization cycles
(in the potential range from —400 to —100 mV) per-
formed on the sample without passivation is shown
in Fig. 1.
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Fig. 1. Dependence I = f(E) for unmodified sample.
1 — first polarization series, 2 — second polarization series,
3 — third polarization series
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Fig. 2. Polarization curves for passivated samples
of Wirobond C® alloy and the unmodified

Figure 2 presents cumulative polarization curves
for all underground evaluation. Table 2 shows the
values of the corrosion current (/) and corrosion
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potential (E.,) calculated after extrapolation linear
ranges of polarization curvatures in the range of Tafel
curvatures, for three polarization cycles performed
successively on each sample. After that, the influence
of successive anodic polarization cycles on polarization
resistance was calculated (for each one of the samples)
using both linear polarization method and the above-
mentioned Tafel’s method. Results of there calculations
are presented in Fig. 3a and 3b.
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Fig. 3. The influence of consecutive polarization series
on the polarization resistance Rp:
a) the linear polarization method; b) the extrapolation
of linear polarization curves in Tafel’s range

Table 2. Values of corrosion current (/,,), corrosion potential (£,,)
for all passivated and unmodified samples of Wirobond C® alloy

Passivation Corrosion Current /., [LA] | Corrosion Potential £, [mV]
type
Series| Series I | Series IT| Series III | Series I | Series I | Series III
number

Unmodified 1.590 1.740 1.670 -367 -356 =310
Na;PO,+graphite 1.147 1.866 1.724 =372 -391 -395
Na,SO4 0.695 | 0.940 0.862 -319 -330 -329
NaNO; 0.272 | 0.205 0.211 -261 -254 254
Na,SO4+graphite 0.119 | 0.101 0.104 -230 -223 -222
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4. Discussion

Wirobond C® alloy exhibited considerable corro-
sion resistance, which manifested as a wide passive
range and low corrosion current resulting from also
the polarisation resistance is resonably high and the
corrosion potential properly high. This observation was
confirmed by corrosion study. Each subsequent anodic
polarization cycle enhanced anticorrosive properties of
Wirobond C, which was expressed by the shift of cor-
rosion potential to the positive direction — thanks to
progressing self-passivation of alloy (Fig. 1, Table 2).

In the literature, methods used to increase corro-
sion resistance by means of surface modification of
Co-Cr alloys mainly refer to electrochemical passiva-
tion with potential in passive range [13], [23], [28]
and are thought to improve in electrochemical corro-
sion resistance.

It is worth underlining that in the present study on
the surface modification by means of chemical and
galvanic passivation in salt solutions as alternative to
typical passivating medium such as nitric acid was
applied [2], [28]. The creation and evaluation of this
passivation method has not been presented in the lit-
erature, yet. Result analysis of Wirobond C alloy surface
modification with potentiodynamic method (Fig. 2)
shows that the polarization curves for chemical passi-
vation in Na,SOy, Na;PO, and NaNOj; solutions repre-
sented higher current values in anodic range than the
control sample. However, the passivation in Na,SO4
solution with graphite resulted in the decrease of cur-
rent values in anodic range. Moreover, the passivation
in Na,SO, and NaNOs solutions resulted in the shift of
polarisation curves to positive values. Other passiva-
tion method caused unfavourable decrease in corro-
sion potential.

Parameters defining material corrosion properties
that were determined with the extrapolation of linear
polarization curves in Tafel’s range, i.e., corrosion
potential (E,), polarization resistance (Rp), corrosion
current (/) (the latest additionally verified with lin-
ear polarization method) (Tab. 2, Fig. 3a, b), clearly
indicated the increasing corrosion resistance of Wiro-
bond C alloy after chemical passivation in Na,SO4
solution with graphite and NaNO; solutions. Both
corrosion potential (E£,,) and polarization resistance
(Rp) increased after passivation with concurrent de-
crease in corrosion current (/). It was confirmed by
the increase in E.,; and Rp and the decrease in /., with
each polarisation cycle. The opposite effect was ob-
served for alloys after modification in Na,SO, solu-
tion and patricularly in Na;PO4 solution.

The best elecrtochemical corrosion resistance in
the environment of 0.9% NaCl solution exhibited the
alloy passivated in Na,SO, solution with graphite.
Corrosion current (.o, = 0,119 pA) (for the 3rd cycle:
0,104 pA) was three-fold lower than for pure Wiro-
bond C. The corrosion potential was shifted in the
positive direction: from value of —367 mV for alloy
without passivation to value of —230 mV, and polari-
zation resistance (Rp) increased of two orders of mag-
nitude. Anticorrosin parameteres of alloy after passi-
vation in NaNO; solutions were slightly worse than
for the above-mentioned modification, although still
higher than for pure self-passivating Wirobond C al-
loy. In this case, the corrosive current decreased upto
the value of 0.272 pA in comparison to /., = 1,590 pA
for pure Wirobond C. The corrosion potential (E..)
increased by over 100 mv and polarization resis-
tance (Rp) was several times higher than for pure
alloy.

The alloy passivation in Na;PO, solution with
graphite was the only one that caused a decrease in the
alloy corrosion properties. This could result from the
high pH of the solution (pH = 12). The sample after
passivation in Na,SO,4 solution without graphite (in
contrast to others) lost its protective properties to-
gether with successive anodic polarization cycles.

In the present study only 24-hour chemical passi-
vation was observed. It can be expected, that the in-
crease in corrosion resistance with chemical passivation
by means of different passivators can be optimised by
the proper choice of time, temperature and medium of
passivation.

The surface conditions of all samples after corro-
sion study are shown in the Figs. 4 and 5. The SEM
studies of all samples after chemical passivation
revealed no pit corrosion — in contrast to the sample

Fig. 4. SEM-SE micrograph of unmodified Wirobond C® surface.
Pit corrosion can be observed
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Fig. 5. SEM-SE micrograph: a) Na,SO, passivated Wirobond C*
surface; b) Na,SO,4 + C passivated Wirobond C® surface.
No pit corrosion can be observed

Fig. 6. SEM-SE micrograph: a) NaNO; passivated Wirobond C®
surface; b) Na;PO,4 + C passivated Wirobond C® surface.
The defects left on the sample as a result of carbide loss
can be observed

without any modification (Fig. 4). The passive layers
show no signs of cracking. The defects left on the
sample as a result carbide loss during sample pol-
ishing could be seen only on the surface modified by
means of Na;PO, with graphite (Fig. 6b). Few casting
pores were detected on samples shown on Figs. 4, 6a,
and 6b. The quality enhancement of castings through
elimination of pores would, in all probability, have
a positive influence on the corrosion resistance.

5. Conclusions

The general conclusion from this study is that pas-
sivation enhances corrosion resistance. More specifi-
cally, it can be stated that:

1. Every successive (out of three) polarization cycle
in anodic direction of pure Wirobond C® alloy en-
hances corrosion resistance shifting corrosion po-
tential in the positive direction and decreasing cor-
rosion current value.

2. The chemical passivation in solutions with low pH
values decreases susceptibility to electrochemical
corrosion of Co-Cr dental alloy.

3. The best protection against corrosion was obtained
after chemical passivation of Wirobond C*® in
Na,SO, solution in the presence of graphite. This
passivation process caused an increase in corro-
sion potential value by more than 130mV in rela-
tion to alloy without surface modification.

4. Passivation with sodium phosphate in a solution of
high pH causes an decrease in corrosion resistance
of Wirobond C* alloy.

5. Passivation with Na,SO, solution do not enhance
electrochemical corrosion resistance of alloy.

6. Passivation process increases alloy resistance to
pit corrosion.
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