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Electrochemical Behavior of Co-Cr Alloy in Hygienic Tablets Solution
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Objective: The aim of this study was to evaluate the electrochemical behavior of a cobalt-chromium 
(Co-Cr) dental alloy after immersion in denture cleansers. Method: Twenty-four specimens (Ø13x2mm) 
of Co-Cr were produced and divided into three groups (n=8) according to their experimental condition. 
The group 1 (control group) was composed only of distilled water, group 2 received a hygienic tablet 
(Corega Tabs™) at the moment that electrochemical test started, while the group 3 received the hygienic 
tablet (Corega Tabs™) 1h after immersion. The electrochemical tests recorded the open circuit potential 
(OCP) and current density (icorr). The surfaces of specimens were examined using a SEM. Data were 
statistically analyzed using analysis of variance (ANOVA) and Duncan test’ multiple comparisons post 
hoc analysis (α=0.05). Results: The values of OCP and icorr revealed statistically differences between 
the groups. The highest results were recorded for group 2 (-26.87±48.48mV; 0.29±0.22μA), which 
were similar to group 3 (-47.37±35.36mV; 0.26±0.10μA), and these values were difference to group 1 
(-314.87±24.22mV; 0.50±0.17μA). SEM image show high corrosion with Corega Tabs™. Conclusion: 
The immersion in denture cleanser solution was not detrimental to the Co-Cr dental alloy and presented 
a lower tendency to corrosion process development than the control group.
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1. Introduction
Dental alloys are a critical point to achieve greater 

longevity and success of the prosthetic treatment, the 
maintenance of patient’s oral healthy and quality of life. 
When the patient receives the prosthesis, an important step 
of the treatment begins: the prosthetic care1. The patient 
must be informed about periodic returns to maintain the oral 
health, the prosthetic cleaning and the usual habits that will 
contribute to prevent problems such as mucosal lesions2,3. 
Some agents are used for denture cleansers, classified as 
mechanical and chemical agents4,5.

The chemical cleaning consists of immersing the prosthesis 
in solution with detergent, solvent or antimicrobial agents, and 
these solutions can be employed individually or associated 
with brushing6. However, the majority of elderly patients for 
presenting advanced senility or debilitating diseases cannot 
effectively brush their dentures7. The use of chemical cleaners 
associated with the mechanical method of cleaning could 
be an alternative for solving the problem of these patients 
with the cleaning of the dentures8. Moreover, the immersion 
of denture in some solution has been indicated8, because a 
great biofilm accumulation is the main etiological factor of 
stomatitis by Candida spp, where the attachment areas from 
the prosthesis are a potential reservoir of Candida albicans1,9. 

Add to it, the biofilm control only through brushing seems 
not to be as effective as cleansers for use in plaque reduction 
and preventing stomatitis associated with C. albicans10. 
The combination of mechanical and chemical methods seems 
to be the best choice for an effective cleaning.

The cleaners indicated to clean the removable partial 
dentures are important to maintain the oral mucosa cleaned and 
healthy, once the biofilm can act as an adjuvant on the stomatitis 
development11, as well as other local manifestations that can 
lead to systemic problems12-15. There are several cleansers 
available to cleaning and conserve the dentures. Immersion 
denture cleansers could be divided into five groups: alkaline 
peroxides, alkaline hypochlorite, diluted acids, disinfecting 
agents and enzymes11. However, the main problem rely on 
the majority of users have never received enough information 
regarding the correct way to clean the dentures with each 
product, often using homemade products which can lead to 
deterioration and tarnish of metal-frameworks1. Chlorine is 
reported by Keyf et al. 16, as a product related to tarnishing 
and corrosion of Co-Cr frameworks and bleaching of acrylic 
resin10. The alkaline peroxides are presented in powder or tablet 
form that when in contact with water, became a hydrogen 
peroxide solution17-18. Relative to peroxide, it have been 
related to injury on the materials used in dentures, especially 
in the metal components of the prosthesis devices as surface *e-mail: rogalo@forp.usp.br

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6845-0767
https://orcid.org/0000-0002-7716-106X
https://orcid.org/0000-0002-9195-7689


Pupim et al.2 Materials Research

oxidation and ions release in the solution11. Furthermore, it 
has been reported that immersion in the alkaline peroxides 
are useful in cleaning the prostheses, but the mechanical 
action cannot be overlooked.

Even with excellent biomechanical properties18-20, 
biocompatibility12,21, high fracture toughness, corrosion 
and wear resistance19,22-25 alloys can undergo due several 
factors. Among these factors, changes in pH of the oral 
media due the diet and food decomposition contributing 
to alloy degradation25,26-28, the use of fluorated products as 
toothpastes and mouthwashes that are usually indicated 
to the prosthetic cleaning11,29-31, range of temperature and 
mechanical action of wear caused by the contact between 
tooth and metal18,20,27. The corrosion and wear of alloys may 
cause adverse effects such as metallic taste, oral burning, 
sensitivity, and allergic reactions due metallic ions release 
to oral and systemic media as corrosion products12,19,26,32. 
The corrosion behavior of metallic materials is the main 
property to be analyzed on the manufacturing of prosthetic 
frameworks due biocompatibility and cytotoxicity of the 
products from corrosion process24,33-34.

The electrochemical tests are important in dentistry due 
corrosion reactions that occurs in the environment, which 
the prosthesis is inserted, a cleaning media or an oral media 
during its function. Thus, the aim of the present study was to 
analyze the electrochemical behavior of a cobalt-chromium 
alloy used in manufacturing of removable partial denture 
frameworks, immersed on a solution containing hygienic 
tablets of alkaline peroxide and enzyme (Corega Tabs™, 
Stanfford-Miller Ind. Rio de Janeiro, RJ, Brazil), simulating 
different situations of contact between alloy and solution. 
The hypothesis was that immersion in denture cleansers 
would have an effect on the corrosion resistance of Co-Cr 
dental alloys.

2. Materials and Methods

2.1. Specimens preparation
The chemical composition of Co-Cr dental alloys 

specimens (Co-61%; Cr-24%; W-8%; Mo-2,5%; Nb-1%; 
Mn-1%; Si-1%; e, Fe-1%, DFS, Ländenstrabe, Riedenburg, 
Germany) measuring 13 mm diameter x 2 mm thick were 
prepared using the conventional flame cast technique and 
injection by centrifugation.

The specimens were polished with abrasive paper up to 
grit 2000 mesh size and followed by polishing stages with 
3-μm and 1-μm grit diamond suspension (Struers, Glasgow, 
UK). After polishing, the specimens were ultrasonic cleaned 
in an ultrasonic vat containing alcohol for 15 minutes 
followed by 10 minutes in distilled water to remove residual 
polish products. The samples were dried and assembled in 
electrochemical cells to initiate testing.

The specimens were divided into three groups (n=8). 
The distribution of samples is specified in Table 1. The control 
group (group 1) had only distilled water without the addition 
of hygienic product. In the other groups were used distilled 
water and added hygienic tablets Corega Tabs™ (sodium 
bicarbonate, citric acid, sodium carbonate, potassium per 
sulfate, sodium perborate, sodium benzoate, polyethylene 
glycol 8000, Laurel sulfoacetate, sodium vinyl acetate 
copolymer, sodium stearate, menthol, flavorings, and dyes) 
to start the electrochemical test (group 2) and after 1 hour 
of start the electrochemical test (group 3).

2.2. Corrosion test
The corrosion test (electrochemical behavior) was 

performed using a Potentiostat (PGP201 Radiometer Analytical, 
Copenhagen, Denmark) controlled by Voltamaster-4 software 
(Voltamaster, Radiometer Analytical, Copenhagen, Denmark). 
The measurements were made against a standard calomel 
electrode (SCE/B20B110 – Radiometer Analytical, Copenhagen, 
Denmark) and a platinum plate used as a counter electrode 
(wire B35M110 – Radiometer Analytical, Copenhagen, 
Denmark) and the area of alloy in contact with the electrolyte 
was 3.64cm2 of the alloy used as the working electrode.

Potentiodynamic polarization tests were performed after 
an initial delay time at equilibrium state of 1 hour in order 
to stabilize the surface at open circuit potential (OCP) for 
group 1 and 2. In group 3, the potentiodynamic polarization 
test started 2 hours later because the effervescent tablet was 
added 1 hour after the start of the open circuit potential (OCP). 
These tests were carried out in the anodic direction starting 
at -0.5V up to 2.0V, with a scan rate of 2 mV/s. Values of 
open circuit potential (OCP), passivation current density 
(ipass) and current density (icorr) were recorded; the OCP 
values were evaluated for one hour and the potentiodynamic 
polarization curves analyzed.

The surfaces of specimens were examined using a 
scanning electron microscope (EVO 10; CARL ZEISS, 
Jena, Germany). The samples were properly stored in closed 
containers until the tests were conducted and then, the 
specimens were examined at ×200 and ×1000 magnifications 
under high vacuum.

2.3. Statistical analysis
Data were analyzed using one-way analysis of variance 

(ANOVA) and post-hoc Duncan’s test to assess the effect of 
hygienic tablets on the Co-Cr dental alloy. The Statistical 
Package for the social Sciences (version 17.0; SPSS Inc., 
Chicago, IL, USA) was used for the statistical analysis. 
For all tests, a 5% level of significance was adopted.

Table 1. Experimental groups, solutions and time used in the study.

Group Solution Time
Group 1 100ml distilled water (Control group) Contact during whole electrochemical test
Group 2 100ml distilled water + 1 Corega Tabs® tablet Contact during whole electrochemical test
Group 3 100ml distilled water + 1 Corega Tabs® tablet Tablet added 1h after the electrochemical test starts
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3. Results
Table 2 shows the values obtained in the electrochemical 

test and the standard deviations for each group, presenting 
the open circuit potential (OCP) and current density (icorr) 
The highest OCP and icorr values were recorded in group 2, 
which were similar to group 3 and different to the group 1. 
The results showed that tests in cleansers solutions resulted 
in significant differences between the OCP values indicating 
similar tendency to corrosion for the cleansers solutions 
and difference trend to control group (group 1). In addition, 
specimens tested in the cleanser’s solutions exhibited very 
similar icorr values and differences to the group 1. The highest 
values of current density of passivation (ipass), ​were recorded 
for the control group, while group 2 and 3 and G2 were 
statistically similar. Then, it can be stated that cleansers 
solutions alter the polarization behavior of Co-Cr dental 
alloys, significantly.

Figure 1 shows the polarization curves of Co-Cr according 
to the solution, where the behavior of group 2 and 3 were 
similar, and it was noticed in the curves different domains 
that can be observed in the tested solutions. The cathodic 
areas in the potential nearby –400 mV. A passivation plateau 
was found between the values around 300 mV and around 
600mV and a transpassive area was observed for all conditions 
above values around 600mV due to transpassive oxidation.

Before the potentiodynamic polarization tests, no attack 
was identified on any specimen and all specimens showed 
homogeneous microstructure (Figure 2a). After the test, the 
specimens demonstrated the atypical dendritic microstructures 
obtained for the Co–Cr alloy and the microstructure exhibited 
two distinct regions (Figure  2c,  d), with dissolution of 
the dental alloys and pits were seen on most specimens 
and demonstrated high corrosion in contact with Corega 
Tabs™, except in the group in contact with distilled water 
(Control Group).

4. Discussion
Several studies have investigated the effect of denture 

cleansers on the physical and mechanical properties of denture 
base resins35-36. However, there are very few studies that used 
the removable partial denture frameworks manufactured 
with cobalt-chromium dental alloys in immersion of alkaline 
peroxides products9. Based on the results of the present study, 
the hypothesis was accepted. The immersion in denture 
cleanser of the alkaline peroxides influenced the corrosion 
resistance of the Co-Cr dental alloys.

Life expectancy has increased as well as the need for 
prosthesis to elderly population. The biofilm control and 
proper hygiene are important factors that should be prioritized, 
especially when few teeth remaining and they become 
prosthetic abutments9,37. According to Barreiro et al.1, oral 
care must include instructions regarding oral health to reduce 

the plaque index and control periodontal disease, avoiding 
caries and other oral health problems on the remaining 
teeth. The authors also noted that in general, patients did not 
receive adequate information about the right denture care, 
causing functional and social problems and the inadequate 
use of cleansers can damage the metallic frameworks, may 
causing tarnish and corrosion, decreasing the durability of the 
prosthetic devices1. According to Correa et al. 15, fluoride can 
increase the corrosion and surface roughness, providing the 
adherence of microorganisms on the alloy surface. It is known 
that the corrosion resistance of a metal or alloy is dependent 
not only their behavior, but also extensive interactions that 
occur with the medium in which the material is inserted25.

The present study showed that the potentiodynamic 
measurements were carried out in order to determine the local 
corrosion, which is associated with the breakdown of passive 
layer. The results of the electrochemical test exhibited that, 
in general, in the first minutes of action, the effervescence of 
hygienic tablet seems produced an immediate action, with 
effective cleaning, stabilizing the media and decreasing the 
corrosion rate, which was confirmed by lowest OCP values. 
It is suggested that the media provide a thin film on the alloy 
surface during of immersion. However, over time, changes in 
dynamic polarization curves were observed and the current 
density (icorr) values showed an increase to corrosion.

Therefore, it could be hypothesized that lowest values 
of OCP were recorded during specific period, featuring low 
tendency to corrosion matching with the immersion time 
suggested by the manufacturer (5 minutes). However, after 
the effervescence of the tablet, the potentiodynamic test had 
been started, recording higher values of icorr, demonstrating a 
greater tendency to corrosion provided by the environment. 
It has been observed that such corrosion occurred by prolonged 

Table 2. Mean and standard deviation of Eocp, icorr and ipass as a function of corrosion process in the different groups.

Solution Eocp (mV) icorr (µA/cm2) ipass (µA/cm2)
Group 1 -314.87±24.22 A 0.050±0.017 A 1.2348±0.7729 A

Group 2 -26.87±48.28 B 0.295±0.220 B 0.0002±0.0002 B

Group 3 -47.37±35.36 B 0.266±0.106 B 0.0001±0.00004 B

Uppercase letters indicate a statistically significant difference within the row.

Figure 1. Potentiodynamic polarization curves of Co-Cr alloy for 
each group.
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period of immersion of the solution on the metal, because 
when effervescent tablets are in contact with water, the 
decomposition of sodium perborate occurs, producing an 
alkaline peroxide solution. This solution release oxygen, 
which promotes mechanical cleaning through the bubbles 
released and the tendency to corrosion observed in this study 
increased after time recommended by the manufacturer may 
result in oxygen ions released from the hygienic tablet9. 
However, Felipucci et al.11, suggested that the instruction for 
use should be reformulated as well as with recommendation 
for brushing after immersion, for promoting complete removal 
of the alkaline peroxides.

On the other hand, Davi  et  al.9, found that the alloy 
immersion in disinfectant solutions can influenced the release 
of metal ions and exhibited a significant increase in surface 
roughness of resin, although did not affect the roughness 
of the metal. Moreover, other author conducted a similar 
study to evaluate the effect of different cleansers in surface 
roughness changes of alloys suitable for the fabrication of 
removable partial dentures, using different effervescent tablets 
and mouthwashes and they results showed that although 
the values of surface roughness have increased after using 
the products, the results were not statistically significant11. 
However, tarnish was found and suggests that corrosion 
occurred, reporting that the use of sodium hypochlorite at 
0.05% and citric acid tablets can cause harmful effects to 
metal components of the removable partial dentures.

The SEM analysis (Fig. 2) showed that the corrosion 
process initially occurs on the surface. Pits may be the result 

of the dissolution of the precipitates of the cleaning solutions 
or, respectively, their detachment due to the dissolution. 
The Co-Cr surface itself did not show any evidence of 
significant corrosion. The dental alloys when submitted 
to cleaning solutions presented a more severely corroded 
surface, with the formation of a typical surface morphology 
of a uniform corrosion with the dissolution of the corrosion 
products. Visually, the surface was blackened.

Although the tablet manufacturer has indicated its use 
in metallic structures, this tablet caused surface corrosion 
of the evaluated metal alloys. It was observed that such 
corrosion occurred by prolonged deposition of the solution 
on the metal. Therefore, the results obtained in this study 
suggest that the instructions for use should be reformulated 
not only with rinsing in running water, but also with the 
recommendation of brushing after immersion, to promote 
total removal of the product and ensure a prolonged service 
life of the dentures9-11.

The present study has some methodological limitations; 
only one type of dental alloy was evaluated and the oral 
conditions, such as biofilm, temperature and pH, were not 
considered, which would have some influence on the action 
of denture cleansers.

5. Conclusion
Under the conditions of the present study, it could be 

concluded that the use of hygienic tablets containing alkaline 
peroxide and enzyme combined with distilled water gave 

Figure 2. SEM images of the Co-Cr dental alloy for each group (Magnification ×200 and ×1,000): a) Co-Cr dental alloy without corrosion 
test; b) Group 1- distilled water (Control group); c) Group 2: distilled water + Corega Tabs™ tablet; and Group 3: distilled water + 1hour 
Corega Tabs™ tablet, respectively.
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similar corrosive effect on the Co-Cr specimens immersed 
immediately and one hour after the placement on the cleaner 
solution.
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