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ABSTRACT 

Corrosion and dissolving of thin films laid on the surface of restorative materials represents two phenomena which 

take place in salivary environment (natural or artificial). Degradation of metallic and nonmetallic materials is, 

usually, a combination of electrochemical and mechanical effects. In a watery environment, like the salivary 

environment, electrochemical corrosion prevails, associated in lower proportions with the occurrence of chemical 

corrosion cells (uniform dissolving of the restorative dental material). Above these two phenomena, a third form of 

corrosion takes place in the oral environment, biologic corrosion, held under the direct influence of the bacterial 

microflora. 
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INTRODUCTION 

Maintaining the structural integrity and 

stability of the materials used in restorative 

dentistry within normal limits represents a 

constant concern. 

Restorative dental materials do not contain 

only the pure metal, but also a varying 

quantity of “alloy elements”, which influence 

both the mechanical properties of the material 

as well as its behavior in the oral environment 

(1, 2). 

The consequences are variable, ranging 

from simple color modifications to alterations 

in the binding force of the material to the 

tooth, the initiation and maintenance of gashes 

or modifications due to corrosion (pitting). 

All these effects are caused by the 

corrosion process, a phenomenon which is 

accompanied by dimensional variations, 

initiation of pitting with the invasion of 

microorganisms and appearance of different 

pH and airing conditions (3, 4). 

 

AIM OF STUDY 

Our purpose was to determine the way in 

which artificial saliva influences the 

occurrence of corrosion on some alloys used 

in restoring hard dental structures. 

 

MATERIALS AND METHOD 
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We selected specimens from different 

materials used frequently in dental practice: 

Cr-Co alloy, Cr-Ni alloy, titanium (Fig.1). 

 

Figure1. Specimens from metallic materials 

studied 

Different granulations were used for 

polishing the examined surfaces (10 μ, 120 μ, 

320 μ, 400 μ, 600 μ, 800 μ, 1000 μ, and 1200 

μ). Final polishing of the surface was 

conducted in two stages: prepolishing with 

diamond paste with granulations of 1μ, and 

final polishing with granulations of 0,25 μ. 

It is very important at this point to apply 

very low pressure whilst polishing, thus 

avoiding overheating and cracking of the 

specimen. 

The processing and respectively the casting 

and finishing of the specimens was conducted 

sequentially, according to the armamentarium 

and instructions of the manufacturing 

companies. 

We used Duffo-Quezada artificial saliva as 

the watery environment in order to determine 

the influence of saliva in the occurence of 

alloy corrosion, the composition of this saliva 

being presented in table 1. 

We chose this composition because some 

previous studies indicated the fact that it has 

corrosive properties similar to the natural 

saliva. Ph value of this solution was 

determined with a pHmeter/ milivoltmeter OP-

208 RADELKIS (Budapest, Hungary): 

pH=7,08.  

Because the corrosion that occurs at the 

immersion of the alloy in the corrosive 

environment is very slow (natural corrosion), 

the potentiodynamic method was used to study 

the electrochemical processes. 

The experimental assessments were carried 

out with a Potentistat/galvanostat PGP201 

(VoltaLab 21) (Fig. 2) and the gathering and 

proc

essin

g of 

the 

expe

rime

ntal 

data 

was 

made using the VoltaMaster 4 software. 

 

 

Table I. Composition of the artificial 

saliva proposed by Duffo and Quezada (4) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. PGP 201 device used for 

potentidynamic measurements 

 

Compoziţia (g/L) 

NaCl  0.600 

KCl 0.720 

CaCl2·2H2O  0.220 

KH2PO4 0.680 

Na2HPO4·12H2O  0.856 

KSCN  0.060 

KHCO3 1.500 

acid citric 0.030 
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The device and the processing program 

have special facilities that include precise 

determination of the polarization resistance, 

registration of the corrosion potential over 

long periods and testing of the corrosion in 

concerning points. 

It was especially used for the evaluation of 

the instant speed of corrosion. For the 

measurements conducted with the VoltaLab 

21 potentiometer we used the cell, made from 

Pyrex glass. 

It has an usable volume of 50-150 ml. As 

reference we used a miniature saturated 

Hg/Hg2Cl2 electrode (saturated calolomel), 

provided with Luggin capillary, and as 

auxiliary electrode (measurement electrode) 

we used a platinum electrode with the surface 

of 0,19 cm2 (5). For the study of „forced 

corrosion” (or stimulated) we used cyclic 

polarization curves (cyclic voltamograms). 

In acquiring these, the potential of the 

electrode formed with the studied alloy is 

increased with a constant velocity up to a 

default value and afterwards it is varied in 

reverse (towards negative values until it 

reaches the initial value or another value). 

During the entire variation period, the 

electric current passing through the solution 

between the work electrode and auxiliary 

platinum electrode is measured. 

In this study, cyclic polarization curves 

(cyclic voltamograms) have been recorded on 

a potential area ranging between (-500) mV 

and (+2000) mV with a speed of variation of 

the potential of 10 mV/s. 

We started from a negative potential of 

sufficient value, with the purpose of reducing 

all ionic species or molecules in the solution 

and possibly from the surface of the alloy, for 

the electrochemical process to be carried out 

on a „clean” surface (maximum anodic limit). 

Variation speed of the working electrode 

potential was relatively high, in order to obtain 

high enough intensities of the current to cover 

accidental system fluctuations, but low enough 

to see all processes that take place in the 

solution or on the surface of the electrode. 

 

RESULTS AND DISCUSSIONS 

The values for corrosion parameters of the 

studied materials in Duffo-Quezada saliva are 

presented in table 2. 

 

 

 

 

Table 2. Parameters of the instant corrosion 

process for the corrosion of alloys in saliva 
ALLOYS E0 

(mV) 

 

Rp 

(kohm.cm2) 

 

Jcor 

(μA/cm2) 

 

vp 

(μm/an 

Verasoft I -365  4,95 4,53 53,0 

Verasoft II -316  5,73  5,77  67,5 

Ni-Cr-Co -187  10,80  4,08  47,8 

Titan -323  85,1  0,097  0,858 

 

The shape of the cyclic polarization curve 

for Ni- Cr-Co alloy (Fig.4) indicates corrosion 

in points (pitting corrosion): the breakdown 

potential, EBD =840 mV and the repassing 

potential, EBD =840 mV. 
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Figure 4. Cyclic voltamogram for Ni-Cr-

Co alloy in Duffo-Quezada saliva (v= dE/dt = 

10 mV/s) 

    

In the 1000-2000 mV suprapotential 

interval, the current-potential curve (anodic 

curve) is linear; the corrosion current rises 

linear with the potential applied to the 

electrode, thus at the overpotential of 2000 

mV, the corrosion flow is jcor(2V) = 37,74 

mA/cm2 (almost 1000 times greater than the 

instant corrosion flow). 

The cathode branch is also linear, but on a 

higher potential interval (+2000 … -150 mV), 

being placed behind the cathode branch, 

representing a process of defective 

passivation. 

The two Verasoft specimens (Fig. 5, Fig. 6) 

were obtained from different sources. Still, 

conduct in artificial saliva is similar; both 

curves indicate a generalized corrosion. 

In the interval of potential 1000...20000 

mV, the anodic curve is linear (current density 

rises lineal with the potential applied to the 

alloy). 

The return curve (the cathode branch of the 

polarization curve) is also lineal and it 

practically overlaps the anodic branch. 

Figure 5. Cyclic voltamogram for the 

Verasoft I alloy in Duffo-Quezada saliva (v= 

dE/dt = 10 mV/s) 

 

Figure 6. Cyclic voltamogram for the 

Verasoft II alloy in Duffo-Quezada saliva (v= 

dE/dt = 10 mV/s) 

 

Verasoft II also presented generalized 

corrosion with a tendency towards pitting. The 

difference between the two samples is related 

to the breakdown potential values: 785 mV for 

the first sample and 840 mV for the second 

sample, still within the limits of experimental 

errors. Current density values for 2V 

overpotential are high enough compared to 

those of the Ni-Cr-Co alloy: jcor(2V) = 36,2 

mA/cm2 for sample I respectively jcor (2V) = 

58,2 mA/cm2 for sample II. 

The cyclic voltamogram for titanium 

indicates that this material was passived 

before even introduced in the solution, 

because it oxidizes easily when exposed to air 

during manipulation (Fig. 7). 

 
Figure 7. Cyclic voltamogram for titanium 

in Duffo-Quezada saliva (v= dE/dt = 10 

mV/s) 
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For this reason, in the 0...1600 mV 

potential interval, current density was very 

low between 0,05 and 0,3 mA/cm2. Increasing 

of current for potentials higher than 1600 mV 

do not represent a corrosion process, but are 

due to the oxidizing of water with oxygen 

release at the electrode. Thus, titanium has the 

higher resistance to corrosion of all the studied 

metals. 

The corrosion pattern is closely related to 

the composition of the material, pH of the 

environment, surface roughness and 

microstructural elements (6,7). Therefore, 

alloys with high concentration of chrome and 

molybdenum have a low susceptibility to 

corrosion. Chrome is introduced in nickel-

based alloys in order to increase its ability to 

form that oxide-protective film on its surface. 

The medical literature admits the fact that a 

content of 16-27 % Cr can increase the 

resistance to corrosion of alloys (8, 9). Ni-Cr 

based alloys have comparable corrosion speed. 

Titanium is by far the most resistant 

biomaterial of those studied here, having the 

lowest corrosion speed under 1 μm/an (10). 

It is well known that the oxide layer, which 

covers the material, makes a bivalent 

molecular link, which offers this material the 

quality of osteointegration of the titanium 

implant (6, 7,10).  

Moreover, titanium acts like a cathode and 

tends to attract Calcium ions around it. This 

property is useful because in the oral 

environment, it allows the appearance of a 

hidroxiapatite core around the material. 

Titanium molecules adhere inevitably to the 

bone walls, without any toxic effects, due to 

the attracted calcium ions that prevent 

corrosion (10). 

Moreover, we must add that corrosion 

resistance depends on the structural 

homogenity of the alloy. Thus, Cr-Ni-based 

alloys do not have only one structural phase, 

therefore, that important homogeneity for 

resistance to corrosion is not present. This 

proves that this layered pattern, with different 

chemical compositions, represents the starting 

point of the electrochemical cells (3). 

The global polarization curve for 

passivable alloys like Cr-Ni, Fe-Cr-Ni or Cr-

Co is quite interesting. Even in the same alloy, 

heterogeneity represents the anodic area 

susceptible to corrosion. We want to mention 

that the heterogeneity of the salivary 

electrolyte can be a source of corrosion, 

heterogeneity that comes from difference of 

ventilation or that of the local pH, mechanism 

that is probably responsible for passivation of 

the surfaces (1, 3). 

 

In order to be corrosion-resistant, prosthetic 

alloys must be either noble or passivable. 

Common alloys (Cr, Ni, Cr-Co-Ni) are prone 

to corrosion due to their lack of corrosion-

protective agents; when processing 

deficiencies are added, it is clear why 

corrosion cannot be avoided. 

 

CONCLUSIONS 

The instant speed of corrosion has 

relatively low values for alloys studied in the 

artificial Duffo-Quezada saliva, but varies 

from one material to another. 

The Chromium-nickel alloys studied had 

higher resistance to corrosion than chromium-

cobalt alloys. Both Verasoft alloys, although 

not of the same batch, had a very similar 

composition and similar corrosion behavior. 

Nickel, manganese and copper dissolve from 

the alloy and pass into the solution (about 9% 

of existing quantity). Some of the copper is 

oxidized on the alloy surface and transformed 

in CuO (insoluble and adherent to the surface), 

justifying the presence of oxygen for the 

electrochemical-treated specimen. 

Biomolecules influence corrosion of metals 

or metal alloys, their presence inhibiting or 

accelerating the corrosion rate.
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