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Relation Between Composition, Structure and Properties of Different Dental Alloys
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INTRODUCTION

The use of dental alloys as a material for bridges, crowns and prostheses is currently being investigated,
taking into account their biocompatibility, as the material must be non-toxic and not cause allergies,
inflammation or other reactions affecting the body [1].

In this field, Co-Cr and Ni-Cr based alloys are often used, as they have good corrosion resistance and
high wear resistance due to the crystalline nature of cobalt and nickel [2,3]. In addition, Ni-Cr and Co-Cr
alloys have been used in the field of dentistry for porcelain or porcelain-fused-to-metal crowns due to
their good biocompatibility, wear resistance, long service life, good mechanical properties and superior
corrosion [4-6].

PURPOSE

A study of the effects of corrosion and mechanical properties as well as a comparison of the heat
treatment of Ni-Cr and Co-Cr dental alloys containing molybdenum and silicon in their composition is
carried out (see the composition wt% in Table 1).

EXPERIMENTAL

As a previous step to electrochemical, metallographic and flexural tests, several processes should be
performed, such as to embed into an epoxy resin cylinder the samples for cutting and their subsequent
polishing in two stages: polishing with SiC abrasive papers of progressive grain size from 400 to 2500
grit and final polishing with 0.1 pum alpha alumina suspension.

Table 1. Samples main composition (wt%)

Sample Ni Co Cr Mo Al Si W
Ni-Cr 65.6 - 20.1 1.3 2.4 3.3 7.1
Co-Cr - 59.5 315 5.0 - 2.0 -

The samples are then submerged in an ultrasonic machine for 5 minutes to remove all traces of dirt, and
then immersed in a reagent composed of hydrochloric acid, nitric acid and glycerine for chemical
etching. After electrochemical etching, the metallographic test is carried out by taking images with the
metallographic microscope, enlarging 5 and 10 times the real size of a part of the Ni-Cr samples, while
the Co-Cr sample is enlarged to 50 and 100 times the real image.

On the other hand, electrochemical test consists in inserting a specimen into an electrochemical cell
together with Saturated Calomel Electrode (SCE) as reference and Pt electrode as counter electrode,
Corrosion potential (Ecorr) was determined, and Electrochemical Impedance Spectroscopy (EIS) was
applied. SEM observations were performed. Finally, three-point bending test is applied to find the value
of the modulus of elasticity of each specimen.
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RESULTS

In the metallographic test, the images taken before the corrosive agent attack show some porosity and
scratches on the surface of the samples. SEM observations and EDS results are presented in Fig.1 and
Fig.2.
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Fig.1. SEM and EDS observations of Ni-Cr sample
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Fig.2. SEM and EDS observations of Co-Cr sample

However, both samples showed a crystalline structure after chemical etching. Moreover, in the corrosion
tests, the samples are immersed in Ringer Grifols solution (see composition in Table 2) which simulates
the physiological fluid of the human body the results obtained were processed by the Ec Lab program.

In the linear polarization test, potential E versus time graphics showed the tendency to passivation of
each sample. In addition, the EIS method is performed on each specimen at different potentials to obtain
the spectra, Nyquist plots (Fig.3 for Co-Cr alloy and Fig.4 for Ni-Cr alloy) and Bode plots (Fig.5 for Co-
Cr alloy and Fig.6 for Ni-Cr alloy).
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Table 2. Composition of Ringer Grifols solution

CompoU composition (mmol/L)

nd
Cl 111.5
Na* 130
K* 5.5
ca®t 1.7
CsHsO3 27.2
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Fig.3. Nyquist plot at different potentials for Co-Cr alloy
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Fig.4. Nyquist plot at different potentials for Ni-Cr alloy
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Fig.5. Bode plots at different potentials for Co-Cr alloy
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Fig.6 Bode plots at different potentials for Ni-Cr alloy

In this case, the corrosion resistance increases the more positive the applied potential and the higher the
impedance and phase angle values [7]. Therefore, the Co-Cr alloy shows the highest corrosion

resistance.
In the three-point bending test (Fig.7) the value obtained for the modulus of elasticity of Ni-Cr

specimens is much higher than that of the Co-Cr alloy.
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Fig.7 Three points bending test of the samples
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CONCLUSIONS

The metallography test showed the dendritic structure of both samples, although they present some
defects.

In the corrosion tests, the Co-Cr alloy has a better corrosion resistance since it shows a more positive
corrosion potential, and its impedance value is upper than Ni-Cr alloy.

Besides, in the three-point bending test, Co-Cr alloy obtained a lower value of modulus of elasticity.
Nonetheless, it has not been possible to establish a clear relationship between the degree of molybdenum
and silicon concentrations in the alloys and the electrochemical corrosion behaviour [8].
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