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Casting in the presence of oxygen may result in an improvement of the corrosion performance of most alloys.
However, the effect of corrosion on the casting without oxygen for dental materials remains unknown. The
aim of this study was to investigate the influence of the casting technique and atmosphere (argon or oxygen)
on the corrosion behavior response of six different dental casting alloys. The corrosion behavior was evaluated
by electrochemical measurements performed in artificial saliva for the different alloys cast in two different con-
ditions: arcmelting in argon and oxygen-gas flame centrifugal casting. A slight decrease in open-circuit potential
for most alloys was observed during immersion, meaning that the corrosion tendency of the materials increases
due to the contactwith the solution. Exceptionswere the Co-based alloys prepared by plasma, and the Co–Cr–Mo
andNi–Cr–4Ti alloys processed by oxidized flame, inwhich an increase in potential was observed. The amount of
metallic ions released into the artificial saliva solution during immersion was similar for all specimens. Consider-
ing the pitting potential, a parameter of high importance when considering the fluctuating conditions of the oral
environment, Co-based alloys show the best performance in comparison with the Ni-based alloys, independent
of the processing route.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

From the earliest times until the 1960s, gold was the most com-
monly used major element in dental alloys [1]. Currently, biomaterials
are extensively employed in medicine, and the term “biocompatibility”
has gained a wide range of meanings. In the sense of this definition [2],
a biomaterial must have the ability to allow a device or construction
made from it to accomplish the role for which it was designed. It must
also have no undesired systemic or local side effects [2]. The most
appropriate host response should be attained, and the material
should optimize the clinical performance of the therapy. To satisfy
these restrictions, the development of new materials with the desired
surface properties is one of the solutions that has been adopted by
researchers and specialists [3].

Corrosion of dental alloys can result in biological, functional and es-
thetic effects. Metal ions and by-products released in the corrosion pro-
cess can affect cells and tissues in the immediate environment [4] or
disseminate into the organism. Depending on the nature and number

of metal ions, risks of sensitization and/or toxic effects can occur with
harmful effects for the organism [5]. Thus, the clinical use ofmetal alloys
in dentistry requires extensive investigation of their corrosion proper-
ties [6].

Casting is one of the methods used to produce shaped pieces built
from metallic materials. There are many factors affecting the electro-
chemical corrosion of dental alloys, one ofwhich is their chemical compo-
sition [7]. Additionally, the microstructure, depending on the casting
history and the presence of casting defects, is expected to have accentuat-
ed effects onmetallic ionic release in actual practice. Dental casting alloys
can present diverse defects, including shrinkage, porosity, inclusions,
micro-cracks and dendritic structures [8]. The literature on the influence
of casting procedures on the corrosion resistance of dental alloys has
been poor [9–12], and there have been insufficient research studies ade-
quately comparing metal release from dental prosthesis materials in sali-
va under the same experimental conditions.

In this work, dental alloys were fabricated by 2 different casting
methods: centrifugal casting (in contact with air) and electric arc melt-
ing induction casting (in an argon-controlled atmosphere). The null
hypotheses tested in this studywere that therewould be significant dif-
ferences between the different casting methods, and the effects of the
process-induced structure and passive film homogeneity on the electro-
chemical behavior of the dental alloys are discussed.
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2. Materials and methods

2.1. Materials and specimen preparation

Six commercially available dental alloys were evaluated, namely
Ni–Cr (Vera Bond II; AALBA Dent. Inc.), Ni–Cr–Be (Vera Bond; AALBA
Dent. Inc.), Ni–Cr–6Ti (ViStar; Talladium INC), Co–Cr (Remanium;
Dentaurum), Co–Cr–Mo (ModellguB; Degussa), and Ni–Cr–4Ti (Tilite
Omega; Talladium Inc.). The chemical compositions (wt.%) of the alloys
(presented by the manufacturers) appear in Table 1. These materials
were used in partial fixed dental prostheses (FDPs), removable dental
prostheses (RDPs), or both.

Disk-shaped specimens (13 mm diameter × 4 mm thickness) were
mounted in phosphated investments (Rema Exakt; Dentaurum).

Two casting methods were used to produce the specimens: 1) arc
melting in a Discovery Plasmamachine (EDG Equipamentos e Controles
Ltda) by an electric arc in argon atmosphere under controlled oxygen
partial pressure and injection of the melted alloy into the mold by
vacuum-pressure; and 2) an oxygen-gas flame, in which the alloy was
injected into the mold by centrifugation.

The discs were divested after casting, abraded by airborne 100 μm
aluminum oxide particles at 80 psi (5.62 kgf/cm2) and cold mounted
with epoxy resin. Each specimen was ground with 1200-grit silicon
carbide paper, followed by polishing with 3 and 1 μm diamond suspen-
sions (Struers). Next, the specimenswere washed in distilled water and
cleaned by ultrasound in ethanol before corrosion testing.

For surface roughness measurements of the polished samples, a
profilometer (Perthometer S5P, Feinpruf Perthen) was used at a con-
stant speedof 0.05mm/s and 0.7mNof normal force. The height param-
eter Ra (μm), whichwas the arithmetical mean of the absolute values of
profile departures within the evaluated length, was used for character-
ization of the surface roughness. The surface roughness statistical calcu-
lation, regardless of the polishing protocol, was performed using the
average of 3 surface roughness measurements parallel to the diameter
of each specimen.

2.2. Electrochemical measurements

The electrochemical measurements were obtained using a
potentiostat (PGP201; Radiometer Analytical), controlled with
Voltamaster-4 computer software (Voltamaster, Radiometer Analytical).
The edge of the specimen area was defined by pressing the specimen
against an O-ring, exposing an area of 3.64 cm2. The potentials weremea-
sured against a standard calomel electrode (SCE) (B20B110; Radiometer
Analytical) and a platinum plate as the counter electrode, with an expo-
sure area of 1 cm2 (wire B35M110; Radiometer Analytical).

The electrolyte used was a modified Fusayama artificial solution
(AS), consisting of NaCl (400 mg/L), KCl (400 mg/L), CaCl2·H2O
(795 mg/L), NaH2PO4·H2O (690 mg/L), NaS·9H2O (5 mg/L), and
urea (1000 mg/L) (Sigma Chemical Company, St. Louis, MO, USA).
The solution was prepared daily with pure chemical products
added to distilled water, and it presented a pH of approximately
5.3. A heated water-bath at 37 ± 1 °C was prepared for immersion
of the electrochemical cell for the tests.

For each alloy, the open-circuit potential (OCP) vs. time was record-
ed over 1 h, and then the OCP was determined and compared with that
of other alloys used in dentistry. Next, the potentiodynamic polarization
curveswere created from−400mV to+1000mVvs. SCE, at a scanning
rate of 2 mV/s. The test was repeated at least 5 times with each alloy.

2.3. Ionic concentration

After corrosion testing, themetallic ions released by the dental alloys
were calculated as a function of the exposed area (μg/cm2) considering
the volume of the solution. A graphite-furnace atomic absorption spec-
trometer (AAS) (Model Z-9000, Hitachi) was used to determine the
numbers of released Ni, Cr, Co and Ti ions.

2.4. Statistical analyses

The experimental data were statistically analyzed by 2-way ANOVA
(dental alloys and casting method) to analyze the influence of the
material in artificial saliva. Duncan's test (≤0.05)was chosen formultiple
comparisons. The statistical analysis was performed using SPSS software,
version 12.0.

3. Results

Fig. 1 (A — plasma; B — oxygen) shows the representative curves
of the open-circuit potential evolution over time. In Fig. 2, typical

Table 1
Chemical composition (wt%) of the alloys used in the study.

Alloy Composition (wt.%)

Ni Cr Ti Co Si Nb Al W Mo Other

Ni–Cr–6Ti 72 17 6 – – – – – 4.5 0.5
Ni–Cr–4Ti 60–76 12–21 4–6 – – – – – 4–14 –

Co–Cr – 25 – 61 1.5 – – 5 7 0.5
Ni–Cr 75 12 – – 3.5 4.25 0.25 – 3.5 –

Ni–Cr–Be 77 12.5 – 0.5 – – 3 5 – 2 (Be)
Co–Cr–Mo – 28 – 64 – – – – 5 3 Fig. 1. Curves of the evolution of the open-circuit potential with time (A — plasma;

B — oxygen).
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