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Electrochemical corrosion behaviour
of dental alloys and metals
in artificial saliva

P. Battaini

Diﬁerent rehabilitation solutions are very often adopted for the same oral cavity.
Unfortunately, the combination of different metallic materials may cause galvanic corrosion.
This work is aimed at the electrochemical characterization of some dental materials in artificial saliva.
Precious metals alloys as well as titanium, dental amalgam and a Co-Cr alloy are considered.
The results show that all alloys and titanium are characterized by low corrosion currents
and negligible galvanic corrosion. On the contrary, significant galvanic corrosion currents are measured
in couplings with the dental amalgam.

1. INTRODUCTION

Lots of diversified and complex solutions exist for dental
prosthesis rehabilitation. The replacement of a single tooth
and the realization of removable or fixed bridges for partial
or complete prostheses, are carried out by the use of diffe-
rent materials. Also, the preservation of a single tooth is ac-
complished by the application of various techniques that
may require amalgams or metal alloys. Frequently, combi-
nations of materials such as amalgams, precious metals al-
loys, titanium, cobalt-chromium alloys etc. are adopted in
the same oral cavity (1,2).

Recently, the use of Ti in removable prosthodontics (3) in-
creased remarkably. In the last 20 years, titanium played an
important role as implant material, for the substitution of
single tooth or complete prostheses (4,5). These implants
are a portion of the prosthesis and provide the proper ancho-
ring to the mandibular bone. The prosthesis is finished with
precious metal alloys superstructures, which are - in turn -
provided with esthetical ceramic coating,

As a consequence, different interfaces develop between ma-
terials and environment. The latter may be the mandibular
bone, a metal alloy, the oral cavity with all its complex
fluids, ceramic materials or plastic resins, or a combination
of that. In case of alloys an electrochemical process of cor-
rosion may develop, thanks to the different body fluids. On
a corroding alloy or metal, anode and cathode sites exist. In
case of two alloys electrically in contact, the more noble al-
loy reduces its corrosion rate and its anodic reaction rate is
suppressed. Conversely, the less noble alloy increases its
corrosion rate and its cathodic reaction rate is suppressed.
This process of galvanic corrosion is represented by the fol-
lowing simultaneous reactions:

* Cathodic reactions:

O, +4e +2H,0 = 40H-
O,+4H* + 4 = 2H,0
* Anodic reaction:

Me = Me™ + ne-

The in vitro study of the galvanic process is very difficult,
because its intensity depends on many parameters, like the

pH, the composition and conductivity of the electrolytic me-
dium, its aeration or de-aeration, the electrode potential, and
the surface ratio between the anode and the cathode.
Frequently, oxygen is in contact with the material surface
exposed to the fluids of the oral cavity. Free metal surfaces
occur in amalgam reconstruction, titanium frameworks, and
alloy-ceramic or alloy-resin reconstruction. In vivo corro-
sion phenomena are well documented in these cases. Very
often, they are observed at brazed joints or defects like poro-
sity, inclusions etc.

A lot of works showed the criticality of galvanic corrosion
combined with crack corrosion. This coupling is significant
for pH reduction and increase of Cl- ion concentration si-
multaneous to local reduction of dissolved oxygen concen-
tration (6,7,8,9).

This work is aimed to characterize the corrosion of dental
alloys, amalgams and commercially pure metals (Ti, Pd, Au)
in artificial saliva in oxygen environment, by electrochemi-
cal techniques.

2. MATERIALS AND METHODS

2.1. Specimen preparation

Dental alloys, amalgam and pure metals were considered in
this work. Their chemical composition is reported in Table 1.
The dental alloys were cast by the lost wax process, as discs
of 15 mm diameter and 3 mm thickness. Each disc was
subjected to a homogenize treatment at 950°C for 10 minu-
tes followed by air-cooling.

The amalgam specimen was obtained by manual condensa-
tion according to the producer instructions and applying the
same methods used for condensation in the oral cavity. This
specimen was obtained as a disc with the above cited dimen-
sions, 5 years before testing. In fact, it is known that ageing
makes the amalgam more appropriate for the evaluation of
long-term behaviour, since the release of metallic ions de-
creases in time (10). The amalgam is a non-gamma 2-type.
Alloy and amalgam specimens were previously polished for
microstructural investigation.

Before electrochemical testing, the specimen surface was
subjected to dry grinding by 600-grit SiC sheet. Residuals
from grinding were removed from the surface by dehumidi-
fied and purified air jet.

Discs with the above mentioned shape and dimensions were
obtained by mechanical tooling from commercial ingots of
the three pure metals, Au, Pd and Ti.
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Table 1. Chemical composition of alloys metals and amalgam (weight %).

Tab.1. Composizione chimica di leghe, metalli e amalgama (%in peso).
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2.2. Microstructural investigation

Microstructural investigation was performed by Scanning
Electron Microscopy (SEM). In order to get a morphologi-
cal and chemical characterization of phases and structural
constituents, the polished specimens were analysed in the
backscattered electrons mode and by energy dispersive
spectrometry.

2.3. Electrochemical measurements

The electrochemical behaviour was studied in Ringer-type
artificial saliva with the following chemical composition:
NaCl 9 g/1; KCI 0.4 g/I; NaHCO, 0.2 g/l; CaCl,6H,0 0.25
g/l.

The solution was maintained stagnant at 37 °C. Measure-
ments were performed by means of a 3-electrodes electro-
chemical cell, equipped with a saturated calomel electrode
(SCE) as reference and a platinum electrode. Each specimen
was mounted and sealed by PTFE, and provided with a
working surface of 1 cm? Measurement monitoring was
performed by an EG&G PAR mod. 273 A potentiostat/galva-
nostat. Potentiodynamic curves, Tafel curves (11) and curves
for polarization resistance (Rp) calculation were obtained.
Four anodic and four cathodic Tafel curves and four curves
for Rp determination were obtained from each specimen.
These measurements were performed in order to calculate
the corrosion rate I according to the Stearn & Cjlary
equation. The open circuit potentials were measured by two
different methodologies. In the first case, they were measu-
red after immersion in Ringer solution until a variation less
than 0.01 mV/s was attained and were called OCP. In the se-
cond case, they were measured after immersion in Ringer
solution until a variation less than 0.01 mV/s and a subse-
quent cathodic polarization at -1250 mV vs SCE for 300 s
were attained and were called E__. The E__ values were re-
corded during the following 36 hours. Table 2 summarizes
the operating conditions.

2.4, Galvanic corrosion

Tests were performed in stagnant Ringer solution at 25 °C in
a cell with the working electrodes mounted horizontally and
opposed each other. Each electrode was mounted and sealed
by PTFE, with a ratio between anodic and cathodic surfaces
equal to 1. The current was monitored as a function of time
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-200 vs. OCP
-20 vs. OCP
0vs. OCP
-1250 vs. SCE -

Table 2. Operating
conditions used in the

N electrochemical tests.
+ 900 vs. SCE

+20 vs. OCP Tab.2. Condizioni operative
* 250 vs. OCP usate nelle prove
elettrochimiche.

by an EG&G PAR mod. 273A potentiostat/galvanostat mo-
dified as a zero resistance ammeter according to the produ-
cer's instructions. With this modification, measurements of
current variations up to 100 pA and simultaneous evaluation
of galvanic current and couple potential (E couple) can be
performed.

3. RESULTS AND DISCUSSION

3.1. Microstructural investigation

All alloys could be well investigated by SEM in the back-
scattered electrons mode. Micrographies are shown in Figs.
1 to 4. From this investigation alloys C and G - not shown in
the figures — turn out to be homogeneus, while alloy B
shows some inhomogeneity (see fig.1). The inhomogeneous
microstructure in precious metal alloys is due to the prefe-
rential concentration of low atomic number and low corro-
sion resistance elements (Cu, In, Sn) in some phases. As a
consequence, a higher propensity to corrosion should be ex-
pected in the less homogeneous alloys (12, 13), due to the
formation of anodic zones at poorly noble phases.

3.2. Electrochemical measurements

The potentiodynamic curves (Figs. 5, 6, 7 and 8) give the cri-
tical passivation current (I_.), which describes the passiva-
tion capability of the metal or alloy. While the dental amal-
gam shows a low passivation susceptibility (fig. 5), the other
alloys and pure metals are characterized by Icnt < 3500
nA/cm?. Particularly, the Ti passivation tendency is similar to
that of alloy C and higher than that of alloy D (see Figs. 5, 8).
The potentiodynamic curves differ significantly. As shown in
Figs. 5 to 7, the high gold content alloys (G, E), the Au-Pd al-
loy (F) and the pure metals Ti, Au and Pd exhibit a wide ran-
ge of low current density (10 to 10-) between the corrosion
potential [E(I=0)] and the breakdown potential. This beha-
viour is typical of high corrosion resistance materials. Parti-
cularly, alloy E undergoes the highest current density varia-
tion between the above mentioned potentials (Fig. 6). High
Pd content alloys (A and B) are characterized by secondary
passivation at a potential of about 700mV vs SCE (Fig. 7),
which is not observed in pure Pd. Even if alloy A is less ho-
mogeneous in microstructure than B, the latter shows a hi-
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Figure 1. Backscattered electrons SEM image.

Lefi: Microstructure of high Pd content alloy A. The dark phase is
mainly composed by In, Cu and Ga.

Right: Microstructure of high Pd content alloy B. The small dark
phases with dimension less than 10 um are In-Ga isles.

Figura 1. Immagine SEM ad elettroni retrodiffusi.

Sinistra: Microstruttura della lega A ad alto titolo di Pd. La fase
scura e composta principalmente da In, Cu ¢ Ga.

Destra: Microstruttura della lega B ad alto titolo di Pd. Le piccole

Jfasi scure con dimensioni inferiori ai 10 um sono composte da In e
Ga.

Figure 2. Backscattered electrons SEM image showing the
microstructure of the Pd-Ag alloy D. An inhomogeneous

distribution of Sn and Ga concentrating in the darker regions is
visible.

Figura 2. Immagine SEM ad elettroni retrodiffusi. Microstruttura
della lega D al Pd-Ag. Distribuzione disomogenea di Sn ¢ Ga che
si concentrano nelle zone piil scure.

gher I_; than the former and a more remarkable peak at 700
mV. Anyway, these three materials have similar corrosion
potentials [E(I=0)] and their current density is less than 5 x
10 A/em? before the transpassive region (Fig. 7).

The Pd-Ag alloys (C and D) undergo a passivation process
with a primary passivation potential of about 400 mV vs
SCE (Fig. 8). They are not characterized by secondary pas-
sivation at 700 mV vs SCE, typical of high Pd content al-
loys. They have a corrosion potential [E(I=0)] lower than
pure Pd, the smallest value being that of the alloy with the
highest Ag content. The passive current density of these al-
loys lies between 5 x 106 and 0.8 x 107 A/cm?, similarly to

Figure 3. Backscattered electrons SEM image.

Left: microstructure of the Au-Pd-Ag alloy E. The grain boundary
precipitation of a high Sn content phase is revealed.

Right: Microstructure of the Pd-Au alloy F. High In content isles
are present.

Figura 3. Immagine SEM ad elettroni retrodiffusi.

Sinistra: Microstruttura della lega E con Au-Pd-Ag : presenza di
una fase ad elevato contenuto di Sn che decora i bordi di grano.
Destra: Lega F al Pd-Au: isole ad alto contenuto di In.

Figure 4. Backscattered electrons SEM image.

Left: Microstructure of the non-gamma 2-type dental amalgam. The
matrix is Ag,Hg.. It includes phases composed by Ag, Cu and Sn.
Right: Co-Cr alloy H. A dendritic microstructure and Mo-rich
phases (bright in the image) are revealed.

Figura 4. Immagine SEM ad elettroni retrodiffusi.

Sinistra: Amalgama dentale del tipo non-gamma 2. Matrice del
tipo Ag,Hg, con varie fasi contenenti Ag, Cu, Sn al suo interno.
Destra: Lega H al Co-Cr con struttura dendritica e fasi ricche in
Mo (chiare nell'immagine).

high Pd content alloys. The alloy with the most inhomoge-
neous microstructure (D) has the lowest corrosion potential
[E(I=0)] and the highest passive current density.

The amalgam passive region is very narrow, ranging from -
300 and -200 mV vs SCE, while the passive current is high
(10* A/em?), showing a clear propensity to corrosion at high
voltage (Fig. 5).

Alloy H (Co-Cr) has a passive region limited between 0 and
200 mV vs SCE. However, it shows corrosion currents lower
than 10~ A/cm? for potentials up to +500 mV vs SCE (Fig. 5).
The OCP values of Ti, alloy H and amalgam (Tables 3 and
4) lie between -200 and -300 mV vs SCE while those of the
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Figure 5. Potentiodynamic curves of Ti, Co-Cr alloy H and dental
amalgam.

Figura 5. Curve potenziodinamiche di Ti, lega H al Co-Cr e
amalgama dentale.
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Figure 7. Potentiodynamic curves of the two high Pd content
alloys (A and B) and of Pd (99.95 % purity).

Figura 7. Curve potenziodinamiche delle due leghe ad alto titolo
di palladio (A e B) e del Pd (purezza 99.95 %).
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Figure 6. Potentiodynamic curves of alloys E (Au-Pd-Ag), F (Au-
Pd), G (high Au content) and Au (99.99% purity).

Figura 6. Curve potenziodinamiche delle leghe E (Au-Pd-Ag), F
(Au-Pd), G (alto titolo aureo) e di Au (purezza 99.99%).

other alloys and pure metals lie between +50 and +250 mV
vs SCE. The highest of them are those of Pd, high Pd con-
tent alloys (A and B) and Au-Pd alloy (F).

The formation kinetics of passive films in the mentioned
materials was studied by E__ recording. The repassivation
kinetics is significant for those alloys having surfaces direc-
tly exposed to the oral cavity. In this case, wear can reduce
or eliminate the passivated layer, enhancing corrosion (7,
14). Pd and high Pd content alloys have the slowest kinetics,
taking 2,5 to 5,5 hours to repassivate (Fig.9). Pd takes about
twice the time than its own alloys. Furthermore, Ti, alloy H
and Pd show an E___ still rising 36 hours after the cathodic
polarization (Fig.9). Ag-Pd alloys D and C (Fig. 10) are cha-
racterized by an intermediate repassivation kinetics, taking
about 50 minutes to repassivate. High Au content alloys (E
and G), the Au-Pd alloy (F) and Au (Fig. 10), have a fast re-
passivation kinetics (less than 15 minutes). Particularly, Au,
alloys E and F take less than 6 minutes to repassivate. Ti, al-
loy H and amalgam (Fig. 11) undertake the most of the re-
passivation process within 30 minutes. The curve shape
(Fig. 9) allows to distinguish the following 3 classes of al-
loys with respect to the E__ value measured 36 hours after
the cathodic reaction. a) low nobility (Ti, alloy H and amal-
gam), b) mean nobility (Au, Pd, alloys A, B, C, D and E)
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Figure 8. Potentiodynamic curves of the two Pd-Ag alloys (C and
D) and of Pd. See that alloy D turned out to be inhomogeneous if
observed by backscattered electrons.

Figura 8. Curve potenziodinamiche delle due leghe al Pd-Ag (C e
D) e del Pd. La lega D risulta disomogenea all osservazione
mediante elettroni retrodiffusi.

and c) high nobility (alloys G and F). The E__ values after
36 hours are reported in Table 3. Large differences among
the Ecorr values of alloys co-existing in the same oral cavity
may enhance galvanic corrosion.

Table 4 reports the results obtained for the polarization resi-
stance Rp, the Tafel slopes (B nodic and B_, ., the OCPs
and the corrosion current density values, I _. The evaluation
of I has been performed by using a non-linear least-squa-
res fit of the data to the Stern-Geary equation. Results are re-
ported with the associated root mean square values (G, ;).
Materials can be divided into the following three categories.
i) low R materials - R_up to about 100 Kohms, including
alloy A, amalgam and lgd; ii) intermediate R_ materials - R
up to about 250 Kohms, including alloys B, E, F and Ti and

iii) high Rp materials - R up to 500 KOhms, including Au
Table 3. Galvanic corrosion tests results. L et galvanic corrosion
current; E_,  : couple voltage; OCP: open circuit voltage stabilized
at a variation less than 0.01 mV/s; E,_ : corrosion voltage measured
after cathodic polarization of the alloy at - 1250 mV vs SCE and

after a 36 hours waiting time.

Tab.3. Risultati delle prove di corrosione galvanica. I, . : corrente
di corrosione galvanica; Ewup[ : tensione di coppia; 0CP"tensione di
circuito aperto stabilizzata ad una variazione inferiore a 0.01 mV/s;
E_ : tensione di corrosione dopo polarizzazione catodica della lega

o a — 1250 mV vs SCE e attesa per 36 ore.
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+ 251
+43
- 220
+ 105
+97.5
+112
- 140
+15
+97.5
+ 46
+192
+251
+192
+ 46
+ 251
+15
+112
+97.5
+43
+97.5
+105
- 220
- 220
+97.5
+43
+97.5
+ 46
+15
+ 251
+112
+ 105
+97.5
+43
+ 46
+15
+ 251
+112
+ 105
+97.5
+43
+97.5
+46
+15
+251
- 220
=220
+43
+15
+97.5
+251
+112
+ 105
+97.5
+43
+ 251
+112
+ 105
+43
+251
+112
+ 105
+ 251
+112
+ 105
+112
+105
+ 105
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7,0
17

13
11,5
11,5

13

11

11

14

16
14,5
6,5
5,0
12,0
5,2
4,5
11,9
9,5

7,0
14,5
- 42,0
- 1700,0
6,7
6,0
1,5
4,0
1,2
5,6
-14
7,0
12,5
12,0
5,0
2,9
11,0
0,1
13,0
2400,0
1370
600
800,0
625,0
1000
- 340
- 2500
5,0
1,5
55
5,0
- 1,2
75
7,0
8,0
5,8
2,0

0,3
6,5
9,5
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Table 4. Results of polarization resistance (R ). Anodic and cathodic Tafel slopes (B

Tab.4. Misure di resistenza di polarizzazione (R ). Tafel slopes anodiche e catodiche (B,, ,e B
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0.137 £ 0.04 0.055 £ 0.004
0.171 £ 0.06 0.056 £ 0.008
0.069 £ 0.01 0.034 £ 0.002
0.127 £ 0.04 0.037 £0.003
0.072 £0.02 0.028 £ 0.006
0.074 £ 0.02 0.039 £ 0.007
0.067 = 0.01 0.028 £ 0.004
0.073 £ 0.01 0.054 = 0.004
0.060 = 0.01 0.040 £ 0.004
0.164 £ 0.04 0.056 £ 0.003
0.138 £ 0.04 0.095 + 0.024
0.117 £ 0.06 0.034 £ 0.007

Open Circuit Potentials at less than 0.01 mV/s

and B
d /
variation (OCP). Computed corrosion current values (Stern-Geary equation). Critical ;;assivatv'on currents (I,.,) determined from potentiodynamic
curves.

N cathod) :

hoo)- PoOtenziali di circuito aperto stabilizzati ad

d
una variazione inferiore a 0.01 mV/s (OCP). Valori calcolati (equazione di Stern-Geary)aJelle correnti di corrosione. Correnti critiche di

passivazione (I_.,) misurate sulle curve potenziodinamiche.
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Figure 9. Open circuit potential E,,_ after cathodic reduction at -
1250 mV vs. SCE for 300 s. The high Pd content alloys A and B
and pure Pd have the slowest repassivation kinetics.

Figura 9. Andamento degli open circuit potentials (E__) dopo
riduzione catodica a -1250 mV vs.SCE per 300 s. Le leghe ad alto
titolo di Pd (A e B) e il Pd hanno le cinetiche di ripassivazione piit

lente.

and alloys C, D, G, and H. On the average, the corrosion
currents are inversely proportional to R . In any case, [
values are low and below the range in which patients could
feel pain - i.e. 15 to 660 pA/cm? (15). Generally, the lowest
Icorr values are found in high Au content alloys, in Au/Pd
alloys and in Pd/Ag alloys. However, the last ones show hi-
gher passivation currents (I_. ) than the previous ones.
Though taking into account the expected extrapolation er-
rors of the Tafel slopes, it turns out that -as absolute values -
B, odic > Beaodic for all materials. This means that materials
are going to passivate and do not undergo corrosion sponta-
neously in aerated environment.

The Co-Cr alloy H shows I similar to that of the high Au
content alloys, in agreement with literature data (16).

The low R values of alloy A and amalgam are consistent
with microstructural features. In fact, these alloys show
inhomogeneous phases and structural constituents that are
susceptible to corrosion.

The alloy coupling between Pd and Au/Ag or Pd and Ag
leads to materials with mean or high Rp - > 100 or > 250
KOhms respectively - even though the Rp value of pure Pd
is low.
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Figure 10. Detail of Figure 9 showing the fast repassivation
kinetics of Au, alloy E (Au-Pd-Ag), alloy F (Au-Pd) and alloy G
(high Au content alloy). Alloys C and D (Pd-Ag alloys) have
intermediate repassivation kinetics.

Figura 10. Dettaglio della figura 9 che mostra le cinetiche di
ripassivazione veloci di Au, lega E (Au-Pd-Ag), lega F (Au-Pd) e
lega G (ad alto titolo aureo). Le leghe C e D (al Pd-Ag) hanno
cinetiche di ripassivazione intermedie.

3.5. Galvanic corrosion

Table 3 gives the L — values and the associated galvanic
corrosion current Igalvanic for all the material couplings. A
correlation between the absolute values of the OCP's diffe-
rence and the galvanic corrosion current of the
amalgam/material couplings exists (Fig. 12). The lowest
galvanic corrosiom currents relate to coupling with Ti and
with the Co-Cr alloy H. As far as other amalgam couplings
are concerned, no particular dependence of galvanic corro-
sion current on the alloy chemical composition can be re-
vealed, even though it seems to be favoured by high Pd con-
centration. The highest galvanic corrosion current values of
couplings including the amalgam are again lower than the
pain perception threshold. This does not mean that the cor-
rosion products released by the amalgam have no delete-
rious effects on the tissues around. Such effects have already
been discussed (17, 18). Furthermore, dental amalgams re-
lease neutral mercury vapours. The release mode depends
on the specific amalgam and increases with corrosion (19).
As regards the remaining alloys, the correlation between the
above mentioned parameters is rather poor. In these cases,
the galvanic corrosion currents are very low (7 = 4 nA/cm?)
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Figure 11. Detail of figure 9 that compares the repassivation
kinetics of Ti, Au, amalgam, alloy H (Co-Cr) and alloy E (Au-Pd-
Ag).

Figura 11. Dettaglio della figura 9 che mostra il confronto tra le

cinetiche di ripassivazione di T, Au, amalgama, lega H (al Co-Cr)
elega E (Au-Pd-Ag).

and not perceptible by patients.

The ratio between anodic and cathodic areas is important in
galvanic corrosion also. If the anodic surface decreases, the
corrosion rate per unit surface increases. Moreover, an elec-
trical contact between different materials can also occur due
to the conductive properties of tissue and bones. The resul-
ting electrical circuits are rather complicated, indeed.

When coupling is realized between materials with sufficien-
tly different OCPs - that is AOCP > 200 mV - the couple
voltage lies between the OCP values of the two materials, as
already observed (20,21). In the present work, this condition
occurs with couplings including alloy H, Ti and amalgam.
As regards couplings between precious metals alloys, Pd
and Au, the anodic and cathodic OCPs are similar. The
cathodic reduction reaction rate at the anode and the anodic
oxidation reaction rate at the cathode are not negligible. As a
consequence, the mixed-potential theory is not applicable
for the evaluation of the couple potential (22). In fact the
couple potentials fall outside the range defined by the OCPs
of the two coupled materials.

Apart from couplings with the amalgam, the I alvanic ValuES
are lower than the I values computed for single materials
(see Table 4).

4. CONCLUSIONS

The corrosion resistance of dental alloys in Ringer artificial
saliva depends on both their chemical composition and mi-
crostructural homogeneity. The more inhomogeneous alloys
show lower polarization resistance and higher corrosion cur-
rent.

The high Au content alloys have the best properties. Howe-
ver, the combination of Au and Pd or Pd and Ag, provides
good corrosion resistance properties.

High Pd content alloys give the highest corrosion current,
comparable to that of the dental amalgam, independently on
their microstructural homogeneity. The Co-Cr alloy gives a
corrosion current similar to that of high Au content alloys.
Ti has a good corrosion resistance, better than high Pd con-
tent alloys.

All pure metals and alloys subjected to galvanic coupling
produce negligible corrosion current density - within 10
nA/cm? - . Inversely, couplings with the dental amalgam gi-
ve galvanic corrosion currents between 340 and 2500
nA/cm?. The only couplings accepted by the amalgam are

Figure 12. Correlation between the galvanic corrosion current
(1,..,) and the absolute values of the differences between the open
circuit potentials of the couplings with dental amalgam.

Figura 12. Correlazione tra le correnti di corrosione galvanica
(Igalv) ed il valore assoluto delle differenze tra gli OCP delle
coppie con amalgama dentale.

with the Co-Cr alloy and Ti. They are characterized by cur-
rents lower than 40 nA/cm?. As a consequence, the amalgam
should be used with caution in the oral cavity.

The present work underlines the role of galvanic corrosion
in the oral cavity, especially when significant difference
between anodic and cathodic areas exists.

Pd, high Pd content alloys and Pd-Ag alloys have the slowe-
st passivation kinetics. Hence, the application of these mate-
rials under wear conditions should be carefully evaluated.
Further tests with artificial saliva less aggressive than the
Ringer one and the use of de-aerated solutions would allow
going deeper into the present study.
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COMPORTAMENTO A CORROSIONE ELETTROCHIMICA
DI LEGHE E METALLI PER IMPIEGHI DENTALI
IN SALIVA ARTIFICIALE

Nell’ambito delle riabilitazioni protesiche odontoiatriche
esiste un’ampia diversificazione di soluzioni. E frequente
che nella stessa cavita orale coesistano combinazioni di ma-
teriali metallici, quali amalgami, leghe di metalli preziosi,
titanio, leghe al cobalto-cromo, ecc. I vari fluidi corporei
presenti in questo ambiente possono favorire la corrosione
dei singoli materiali, oltre che la corrosione galvanica tra
le diverse coppie. Lo studio di questi processi in vitro e mol-
to complesso, poiché la loro intensita dipende da un gran
numero di parametri quali il pH, la composizione e conduci-
bilita del mezzo elettrolitico, la sua aerazione o deaerazio-
ne, il potenziale degli elettrodi e il rapporto tra le aree di
anodo e catodo. La superficie dei materiali esposta ai fluidi
della cavita orale e in contatto con l’ossigeno. Vi sono su-
perfici metalliche libere nel caso di resaturi in amalgama,
scheletrati in Ti, restauri in lega-ceramica o lega-resina. Lo
scopo del presente lavoro é caratterizzare mediante tecniche
elettrochimiche la corrosione di leghe dentali, amalgami e
metalli commercialmente puri (Tab.1) in saliva artificiale
del tipo Ringer, in presenza di ossigeno.

Le misure elettrochimiche sono state condotte con una cella
a 3 elettrodi, mediante un potenziostato/galvanostato del ti-
po EG&G PAR modello 273A. La Tab.2 riassume le condi-
zioni di prova. La corrosione galvanica tra le coppie di ma-
teriali analizzate e stata valutata utilizzando una cella con
due elettrodi di lavoro, opportunamente collegata allo stes-
so potenziostato. I materiali sono stati preventivamente esa-
minati al microscopio elettronico a scansione utilizzando il
segnale ad elettroni retrodiffusi, per valutare le disomoge-
neita microstrutturali (Fig. 1, 2, 3, 4). Escludendo i metalli
puri e due leghe (C e G - Tab.1), si osservano disomogeneita
microstrutturali che possono favorire fenomeni di corrosio-
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ne. Le prove di corrosione potenziodinamiche mostrano un
buon comportamento per tutti i materiali, ad esclusione
dell’amalgama dentale (Fig. 5, 6, 7, 8). Le leghe ad alto ti-
tolo di Pd hanno comunque una resistenza alla corrosione
inferiore. Il comportamento migliore é dato dalle leghe ad
alto titolo aureo, dalle leghe Au-Pd e dalle leghe Pd-Ag, co-
me ¢& riassunto dalla Tab. 4. I risultati delle misure di corro-
sione galvanica sono riportati in Tab. 3. Le correnti di cor-
rosione galvanica (I, . ) tra le varie coppie risultano soli-
tamente inferiori alle correnti di corrosione dei singoli ma-
teriali (1., — Tab. 4), e non superano i 15 nA/cm?. Fanno
eccezione gli abbinamenti con I’amalgama dentale che pre-
sentano correnti comprese tra 340 e 2500 nA/cm? (Tab. 3,
Fig. 12). Le cinetiche di ripassivazione dei vari materiali
sono state studiate dopo polarizzazione catodica (Fig. 9, 10,
11). Le leghe ad alto titolo di Pd, le leghe Pd-Ag ed il Pd
hanno le cinetiche pii lente e non dovrebbero essere utiliz-
zate in presenza di usura.

I risultati ottenuti dimostrano che la resistenza a corrosione
delle leghe dentali in saliva artificiale Ringer dipende sia
dalla loro composizione chimica che dal grado di omoge-
neita microstrutturale. Le leghe ad alto titolo di Pd, indi-
pendentemente dalla loro omogeneita microstrutturale, dan-
no i valori pin alti di corrente di corrosione, paragonabili a
quella dell’amalgama dentale. La lega Co-Cr ha una cor-
rente di corrosione simile a quelle delle leghe ad alto titolo
aureo. Il Ti ha una buona resistenza a corrosione, migliore
delle leghe ad alto titolo di Pd.

Il lavoro svolto mette in rilievo il ruolo della corrosione gal-
vanica in cavita orale, che puo essere importante quando vi
sia una significativa differenza tra le aree anodiche e cato-
diche. L’uso dell’amalgama dentale dovrebbe essere evita-
to, viste le elevate correnti di corrosione galvanica ad essa
associate. L’impiego di salive artificiali meno aggressive
della Ringer e l'uso di soluzioni deaerate consentirebbe un
approfondimento del presente studio.
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