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ABSTRACT

Galvanic corrosion is a metal dissolution process that occurs when two metals of different electrochemical
potential are immersed in an electrolyte causing electrical currents between the metals through the conduct-
ing medium. To restore lost or damaged teeth, different alloys are used, leaving the mouth exposed to elec-
trical currents that circulate through saliva and dental fluids. In the present work, the potentials and densities
of corrosion currents of galvanic pairs of silver amalgams and copper base dental alloys were determined
simultaneously using potenciodynamic methods, finding that the most resistant to corrosion are the pairs
formed by silver amalgams of high copper and Cu - Zn alloys, and that the corrosion products released in
greater quantity in the electrolytic medium are formed by Hg, Cu, Zn and Ni ions.
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RESUMEN

La corrosién galvanica es un proceso de disolucion metélica que se produce cuando dos metales de distinto
potencial electroquimico se sumergen en un electrolito originando corrientes eléctricas entre los metales a
través del medio conductor. Para restaurar las piezas dentales perdidas o deterioradas se usan diferentes alea-
ciones quedando la boca expuesta a corrientes eléctricas que circulan a través de la saliva y los fluidos denta-
rios. En el presente trabajo se determinaron simultdneamente, los potenciales y densidades de corrien-tes de
corrosién de pares galvanicos de amalgamas de plata y aleaciones dentales base cobre usando méto-dos po-
tenciodindmicos, encontrando que los mas resistentes a la corrosion son los pares formados por amalgamas
de plata de alto cobre y aleaciones Cu — Zn, y que los productos de corrosion liberados en ma-yor cantidad en
el medio electrolitico estan formados por iones Hg, Cu, Zny Ni.

Palabras clave: Corrosidn, aleacion dental, curva de polarizacién, saliva artificial, par galvanico.

1. INTRODUCTION

The dental alloys have application in the restoration and correction of lost or misaligned dental pieces to pre-
serve the correct masticatory function and the aesthetic aspect. The designs of these prostheses can take vari-
ous forms and all branches of dentistry such as restorative, orthodontic, endodontic, implantology, periodon-
tics and geriatrics apply these models [1,2].

Alloys are used for direct fillings (amalgams), crowns, bridges, inlays, partial or total prostheses, fixed
or mobile, implanted structures, or in the form of wires to correct defects in mastication using orthodontic
appliances. These alloys are usually as cast, but in certain applications welding or bonding with porcelain or
special polymers is required.

To fulfill these functions the alloys must meet a variety of biocompatibility requirements, suitable
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physical properties, wear resistance or corrosion resistance and acceptable and stable appearance. The most
traditional are noble alloys containing not less than 75% gold and platinum group metals. The techniques of
casting, cast and finished are simple and do not suffer deterioration of their properties over time or lose their
aesthetic appearance. In contrast, they have the disadvantage of having high density, under elastic modulus
and are too expensive [3].

For this reason, alloys of non-precious metals have been developed to replace high gold alloys, which
have been used since the 1940s in developed countries. Among these we have the ones of Co - Cr, Ni - Cr
and lately those of base titanium. In developing countries such as ours copper base alloys are used: Cu - Al
Cu - Zn and Cu - Ni and amalgams of silver of low and high copper by its reduced cost, as has been men-
tioned in foreign publications [4] and manifested in presentations made by various researchers at the meet-
ings of the Argentine Branch of the International Association for Dental Research [5-7].

Two or more dissimilar metals in the mouth form batteries that generate galvanic currents, due to elec-
trolytic contact through the saliva or the root fluids; these pairs interact by direct, indirect or intermittent con-
tact [1]. Research has been carried out on galvanic pairs of alloys of Au, Co - Cr, Ni - Cr, titanium and stain-
less steel with amalgams [8-13]. In this work we will study the susceptibility to corrosion of galvanic pairs of
copper base alloys (Cu - Al, Cu - Zn, and Cu - Ni) with silver amalgams using potenciodynamic methods and
later determine the corrosion products by EDAX and SEM.

2. MATERIALS AND METHODS

2.1 Materials
Three copper base dental alloys and two silver amalgams whose chemical composition are shown in table 1

have been used.

Table 1: Chemical composition of amalgams and dental alloys base copper by weight %.

ALLOYS TRADENAME CODE CHEMICAL COMPOSITION

Dental Mercury UnoDent Hg 99.99

. Low-copper dental amalgam Standalloy F 1 Ag71.0-Sn25.7-Cu3.3
Silver Amalgams
High-copper dental amalgam Duralloy S 2 Ag45-Sn31-Cu24
Cu-Ni alloy Aurocast 3 Cub57.9-Ni22.1-Al15.0-Fe5.0
Cu-Zn alloy Orodent 4 Cu53.9-27Zn45.9 - Fe 0.05 - Ni 0.02
Cu-Al alloy Pentacast 5 Cu779-Al120-Ni51-Fe5.0

2.2 Preparation of test pieces

» The copper base samples were prepared by the lost wax method with an oxygen - butane - propane
flame and centrifugation processes.

* The amalgams were crushed and condensed according to the manufacturer's instructions [14]. In both
cases the specimens were cylinders 0.5 cm high and 0.8 cm in diameter.

2.3 Electrochemical methods

To predict the corrosion of galvanic pairs in electrolytic solutions, measurements of potential, polarization
and current must be made [15].

e Potential measurements - The electrode potential of each alloy was measured with a saturated cal-
omel electrode in a three-electrode cell and a Princeton Applied Research Potenciostat Model 173.
Prior to the measurement, the specimen was introduced to the solution and at the same time air was
circulated at a rate of 80 bubbles per minute with a fish tank aerator. Before measuring the corrosion



QUEZADA-CASTILLO, E; AGUILAR-CASTRO, W; QUEZADA-ALVAN, B. revista Matéria, v. 24, n. 1, 2019.

potential, it was waited 30 minutes for the potential to stabilize always under the action of the air
stream. Potentials were measured five times with different specimens.

e Polarization curves - The potentiodynamic polarization curves were plotted in triplicate using the
same cell and the same potentiostat as the one used to measure the electrode potential. The reference
electrode was saturated calomel and the platinum counter electrode. The scanning speed was 12 mV
/ min and the curves were recorded with an XT Princeton Applied Reserch Model REO 151 plotter.
Before plotting the curves the corrosion potential was measured in the same manner as in the previ-
ous section. The global curves (anodic and cathodic) of each alloy were drawn with different speci-
mens. Once the tests were finished, the specimens were analyzed with a scanning electron micro-
scope to determine the corrosion products by EDAX.

e Potential corrosion of galvanic pairs - Dental alloys are corroded in the oral environment by the
action of saliva and bone fluids so that when electrically coupled both are polarized and corrode at a
new speed. When the metals A and B of equal areas are coupled, the mixed potential and the current
density (Ecupla and Icupla) of the galvanic cupla are at the intersection of the anodic curves of the
less noble metal (A) and cathodic of the metal plus noble (B) [16].

e Electrolyte - The electrolyte used in electrochemical tests is an experimental saliva that reproduces
the electrochemical behavior of natural saliva [17], whose formula is shown in Table 2. The electro-
lyte was prepared with deionized water of 18.2 MQ-cm electrical resistivity and with reagents of an-
alytical grade. The pH of the solution was 6.5; to prevent this value from being modified, KHCO3
must be added shortly before starting the tests.

Table 2: Chemical composition of experimental saliva [17].

REAGENT CONCENTRATION (g/L)
NaCl 0.600
KCI 0.720
CaCl2.2H20 0.220
KH2PO4 0.680
Na:HPO4.12H-0 0.856
KSCN 0.060
KHCOs 1.500
HgCsO7 (citric acid) 0.030

3. RESULTS AND DISCUSSION

3.1 Electrochemical series

Table 3 shows the average open circuit corrosion potentials of the studied alloys according to their resistance
to corrosion. The average standard deviation calculated according to G standard: 16-95 ASTM [18] is also
shown. Copper base alloys manufactured to substitute gold for their yellow color have high potential for cor-
rosion due to the large amount of copper they contain. In contrast, the Standalloy F amalgam has a low corro-
sion potential due to the small amount of copper it contains compared to the other alloys considered in this
work.
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Table 3: Corrosion Potentials and Average Standard Deviations.

ALLOY Veor(MVice) 0(MVsce)
Copper high amalgam

-230 12
(Duralloy S)
Orodent -233 12
Aurocast -252 5
Pentacast -260 7
Copper under amalgam

-381 18
(Standalloy F)

3.2 Polarization curves

Dental amalgams are galvanically corroded in the mouth due to the different phases that have: Ag-Hg, Ag-Sn
and Sn-Hg, each of which has a different electrochemical potential due to its diverse chemical composition
[19,20]

Figure 1 shows the overall polarization curves of the alloys under study. The cathodic curves of these
alloys are similar; for small over cathodic potential the current density increases rapidly observing a linear
relationship between the potential envelope and the logarithm of the current. In all cases the cathodic region
corresponds to the evolution of hydrogen [21].

The low copper amalgam (Standalloy F) has a passive zone that extends from -370 mVe. to -100
mMVsee and its breaking potential is -90 mVse, from this value the current density increases rapidly. The amal-
gam of high copper (Duralloy S), not represented in all its extension, have a current density of 2.20 pA / cm?
at the height of the rupture potentials of aurocast and pentacast. The current density of the Standalloy passive
zone is 0.30 pA / cm? obtained by averaging the current densities of its passive zone.

The most corrosive phase of the low copper amalgam is the y, or Sn-Hg phase, due to the formation of
tin oxychloride from the tin of the vy, phase and also the release of mercury [19]. The high copper quality
amalgams do not have phase v, and the most corrosion resistant phase of these alloys is the Ag-Hg phase
[22].
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Figure 1. Polarization curves of silver amalgams and copper base alloys.
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The Cu-Al alloy presents a passive zone that extends from - 190 mVs. to 180 mVye. with an average
current density in this area of 2uA / cm?. Its breaking potential is 200 mVce, from which dissolution of the
interdendritic structure of the alloy known as phase k occurs, formed by segregation of Fe and Ni due to its
insolubility in the a phase [23]. The Cu-Ni alloy has a passive zone extending from -160 mVsc to 200 MV
and a passivation current density of 3 pA / cm? The breaking potential is 210 MV, from which the dissolu-
tion of the material takes place. The Cu-Zn alloy has a small passive zone that extends from -180 mVs. up to
20 MVsce and a passive current density of 1.50 pA / cm?. The reduction of this zone compared to the previous
alloys is due to its high Zn content[1]. From the rupture potentials the current densities of the copper base
alloys rapidly increase to small over potentials as shown in figure 1, due to the selective dissolution of the
material known as dealloyed.

3.3 Potentials and densities of corrosion current of galvanic pairs

The potential and corrosion current densities of the galvanic pairs under study are determined from the inter-
section of the cathodic curves of the silver amalgams and the anodic curves of the copper base alloys, as
shown in figure 2. The results are presented in table 4.
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Figure 2: Intersection of anodic curve of Standalloy and cathodic of Duralloy with the anodic and cathodic curves of
copper base dental alloys.

Table 4: Potentials and corrosion current densities of galvanic pairs of copper base dental alloys with silver amalgam.

GALVANIC COUPLES NOTATION Veorr.cupla(MVsce) lcorr.cupia(HA/CM?)
Standalloy/Duralloy (PGz,2) -287 0.165
Standalloy/Aurocast (PG1,3) -299 0.142
Standalloy/Orodent (PG1,4) -247 0.244
Standalloy/Pentacast (PGy;s) -264 0.216
Duralloy/Aurocast (PG2,3) -244 0.055*
Duralloy/Orodent (PG2,4) -232 0.004*
Duralloy/Pentacast (PG2;) -255 0.008*

* indicates that the copper base alloy is corroded.
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In Table 4 we observe that the range of the corrosion potentials of the galvanic pairs of the alloys un-
der study with Standalloy is between - 299 mV and -247 mVy. and the current densities between 0.244 pA
/ cm? and 0.142 pA / cm? For Duralloy-formed pairs the corrosion potentials are between -255 MV
and -232 mVs and the current densities between 0.055 pA / cm? and 0.004 pA / cm?.

3.4 Corrosion products of galvanic pairs

At the end of the tests the corrosion products were observed with a scanning electron microscope (Phillips
500) and by making a general sweep of the surface of the specimens by EDAX the corrosion products whose
spectra are shown in figures 3 to 7 were qualitatively determined.

Figures 3 and 4 show the SEM micrographs of the corrosion products and the EDAX spectra of the
silver amalgam of low and high copper with high peaks of Hg, Sn, Ag, Cl and Cu and small peaks of P, Si
and Ca. in agreement with the results of other researchers [24,25]. Since this technique does not register oxy-
gen or hydrogen, it is assumed that oxides, hydroxides, phosphates and chlorides are formed from these ele-
ments, such as those identified by Fathi and Mortazavi in dental patients [19].

Figures 5 to 7 show the SEM micrographs of the corrosion products and the EDAX spectra of the Cu
base alloys, showing high peaks of Cu and Zn and small peaks of Al, Ni and Fe. The analysis of the spectra
and the bibliographic references [26,27], indicate that oxides, hydroxides, phosphates and copper chlorides
are formed, mainly, and aluminum, iron and nickel, in a minority form.

The ions released in corrosion processes can be stored in the mucosa in the form of staining or pass
through the digestive tract to the stomach. Some of them are eliminated abroad and the rest is stored in some
organ such as liver, kidneys, lungs or brain [28].

Cu ions are released when copper amalgams and dental alloys dissolve and are stored in the gingival
tissue adjacent to the restored tooth. These ions affect the viability and proliferation of lymphocytes. Over
time the concentration of copper increases in the gums, producing inflammation, alteration of cellular im-
munity and oral homeostasis. In general, these ions contribute to a variety of immunopathological conditions
including periodontal diseases and decreased resistance to oral infections [29].
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CPS:1620

Figure 3: SEM micrograph and EDAX spectra of corrosion products on Standalloy (x 1440).
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Figure 5: SEM micrograph and EDAX spectra of corrosion products on Pentacast (x 1440).
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Figure 6: SEM micrograph and EDAX spectra of corrosion products on Orodent (x 1200).
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Figure 7: SEM micrograph and EDAX spectra of corrosion products on Aurocast (x 1120).

The major component mercury of amalgams is highly toxic and very permeable through the cell mem-
brane, being able to pass from the gastrointestinal tract to the lungs and brain. It has been found "mercury in
the hairs, nails and a high concentration in the pituitary gland (approximately 70 times higher than in the con-
trol groups) in people who have amalgams in the mouth” [29]. Nickel is a potential allergic, and is the most
common cause of allergic contact dermatitis, it is present in most jewelry and household utensils. Therefore,
it can be considered a danger to public health increasing with the use of dental restorations. Ni ions produce
nonspecific allergies and inflammations around restorations that can take lichenoid and sometimes erosive
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reactions, with women being more hypersensitive to this metal because of the jewelry that they use from an
early age [30,31].

4. CONCLUSIONS
From the results obtained in the present work it can be established that:

1. Galvanic pairs of copper base dental alloys with high copper silver amalgams are more resistant to corro-
sion than pairs formed with low copper silver amalgams. The most resistant pair is PG24 (Duralloy /
Orodent) and the less resistant the pair PG s (Standalloy / Pentacast).

2. All dental alloys release ions into the oral environment. Some of these diffuse into the buccal mucosa and
the rest pass into the gastrointestinal system. They are then distributed and stored in different parts of the
body, such as brain, lungs, liver and kidneys affecting the health of patients, especially when the concen-
tration of corrosion products (Hg, Cu, Ni, etc.) exceeds normal tolerance limits.
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