
Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 2, April - June 2020 

 

190 
 

THE STUDY OF ROUGHNESS AND RESISTANCE TO CORROSION OF 

DENTAL ALLOYS IN THE ORAL ENVIRONMENT 

 

Adina Oana Armencia1, Ion Hurjui
2
, Tărniceriu Claudia Cristina

2
, Ana Lese

3
, Ramona 

Feier
1*

 , Monica Mihaela Scutariu
1
, Carina Balcos

1
 

 
1
“Grigore T.Popa” University of Medicine and Pharmacy of Iasi, Romania, Faculty of Dentistry 

2
„Grigore T.Popa” University of Medicine and Pharmacy of Iasi, Romania, Faculty of Medicine 

3
University of Arts “George Enescu” Iasi, Faculty of Visual Arts and Design 

*Corresponding author. Email: dr.ramonafeier@yahoo.ro, monascutaru@yahoo.com 

 

ABSTRACT: 
Through its enzymatic process, the oral environment is setting out catabolism chemical products, having favourable 

effects on the used in restoration. Increase Cu and Sn percent increase a corrosion velocity and surface aspect. This 

decrease with increase Mo and Co percent through passive effect. Increase Fe concentration increase corrosion 

velocity. Al is very affected in Cu presented. Increase percent Si increase corrosion velocity to galvanic effect. 

Corrosion implies the presence of an electrolyte around the metal or alloys subjected to corrosion, damaging of the 

crystaline network of the material being governed by the electrochemical laws of kinetics. 
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INTRODUCTION 

Medical alloys used in restorative 

therapy are involved in the occurrence of some 

extensive neighborhood pathology, the 

material itself being able to intervene, through 

direct mechanic effects or through its 

components, sometimes with cytotoxic or 

allergic effect on the periodontal tissue, but 

also through the surface appearance which 

influences the colonization and adhesion of 

the plaque (1). 

The presence of roughness on the 

surface of the restorations, near the 

periodontal tissues, is often decisive for their 

behavior and frequently rises problems in the 

etiopathogenic interpretation of some 

inflammatory reactions that occur in their 

presence. 

Besides the qualities of mechanic 

resistance, a dental material must also meet a 

series of properties concerning the stability 

and resistance to corrosion in the oral  

 

 

environment, because, when the surface of an 

alloy is introduced into a conductive 

electrolyte, the first becomes the headquarters 

of two types of chemical reactions: an 

oxidation reaction or anodic (in which 

electrons are produced) and a reduction 

reaction or cathodic (in which the electrons 

produced in the anodic reaction consume). 

 

THE AIM OF THE STUDY 

The assessment of some metallic alloys 

behavior in oral environment was followed, by 

evaluating “in vitro” the influence of pH and 

components with oxidation-reduction and 

complexing character over the stability of 

some dental materials with different 

compositions, as well as their surface profile. 
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MATERIAL AND METHOD 

There are 2 groups of dental alloys were 

studied: 

• The no. 1 group contains alloys based 

on Ag-Pd. 

• The no. 2 group contains alloys based 

on Cr- Co. 

The fragments of alloys have been 

realized in the form of tags, with a medium 

surface of 2-3 cm2, weighed and sterilized 

with UV rays, out of which 3 samples have 

been realized, each with a length and width 

corresponding to the step that the roughness 

measurement device has to take 

(1,5cm/0,5cm). 

The processing of the samples has been 

done sequentially according to the indications 

of the manufacturing company. 

PH corrections have been realized with 

NaHCO3, CH3COONa and HCl, while the 

correction of the ionic strength has been 

realized with TISAB buffer (Total Ionic 

Strength Adjudment Buffer) made of NaCl, 

CH3COONa and CH3COOH. 

As an electrolyte the artificial saliva has 

been used – synthetic matrix, in pH 2-8 

domain, and in the presence of the oxalate and 

tartrate ions with oxidation-reduction and 

complexing character, at a ionic strength of 

35-45 mmol/L. The fragments of thermostatic 

alloys at 37ºC have been introduced in 

sterilized containers along with the synthetic 

saliva (sterilized by autoclaving, for 30 min, at 

1 atm) in a report of weight saliva-alloy: 15/1. 

Samples of electrolyte have been 

collected at intervals of 15 days and the 

concentration of the allied elements has been 

determined, through spectrometry of atomic 

absorption with flame (FAAS type PERKIN 

ELMER 3300) and potentiometer with EMIS 

(ion-selective membrane electrode type 

pHIon- Meter-OP-202-RADELKIS). 

The measurement of surface parameters 

supposed the calculation of the average 

roughness (Ra), before and after adding 

oxalate and tartrate in saliva, using the device 

Surtronic 3+ (Taylor-Hobson Ltd. Anglia) for 

this purpose. 5 intervals have been considered 

for each Ra calculation, registering 3 tracks 

for each task, in 3 different locations from the 

polishing direction (perpendicular, oblique, 

parallel). 

Their average has been taken as a final 

result for each task in the interpretation of 

roughness, size, form and also of its slope 

(profile, height, lift curve). 

It was followed: 

- the evaluation of surface appearance 

and calculation of roughness 

- the influence of pH on the stability of 

the bio-metallic materials, working in an 

interval of pH = 2; 4; 6.5; 8, in electrolyte 

artificial saliva. 

- the influence of pH and components 

with oxidation-reduction and complexing 

properties, in a pH interval of 2; 4; 6.5; 8, 

electrolyte synthetic saliva, at which are added 

12,6 mg of oxalic acid / 100 ml and 15,0 mg 

tartaric acid / 100 ml. 

 

RESULTS AND DISCUSSIONS 

In the artificial saliva, with an identical 

composition to the natural saliva, the 

roughness touches values Ra=0,114 μm, 

having the lift curve with rounded bearing, 

a 
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which reduces the retention of the testing 

material surface. (Fig. 1). 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Different from the alloy based on Ag-

Pd, the roughness of alloy based on Cr-Co 

reaches values Ra=0,122 μm, the shape of the 

profiles improves, but not enough for 

canceling the retention of the surface, and the 

lift curve remains with an extremely favorable 

form concerning the retention. (Fig. 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The variation of concentration in time of 

allying elements at the considered pH values is 

presented in equilibrium diagram 

concentration-time. (Fig. 3) 

The development of the dissolution 

process is conditioned by the heterogeneous 

character of the alloy. Thus, in case of 

corrosion of the Palliag, the zinc from its 

content is dissolving after the chemical 

reaction between anode (respectively the zinc) 

and cathode, respectively the more 

a 

Figure 2. The results of the measurements 

for Cr-Co: a. the profile of the surface; b. 

the parameters of the roughness; c. lift 

curve  

 

b 

c 

Figure 1. The results of measurements 

for Ag-Pd: a. the profile of the surface; 

b. the parameters of roughness; c. lift 

curve 

b 

c 
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electropositive metal (Cu, Fe), to which it is 

added the hydrogen clearance. 

The presence of Pt, Pd, Fe, Ni (metals 

on which the hydrogen is discharged with low 

voltage) considerably intensifies the corrosion 

of Zn and Al at acid pH (as one can well see in 

the adjacent charts). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The equilibrium diagrams 

concentration-time at the considered pH 

values and in the presence of oxalic and 

tartaric acids are presented in figure no 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The change of the salivary composition 

determines modifications of the profilometry 

at the alloy based on Pd-Ag, with roughness 

values Ra=0,27 μm, slightly higher than the 

acceptable values of a non-retentive quality of 

the surfaces (Fig. 5). 

 

 

 Figure 3. The variation of concentration 

of alloy elements in time in electrolyte  

artificial saliva solution at pH =2 -8 

(a:Ag-Pd; b:Cr-Co) 

Figure 4. Variation of concentration of 

the allied materials (Ag-Pd, Cr-Co) in 

electrolyte synthetic saliva solution at 

pH=2-8 
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The higher values of roughness 

(Ra=0,239 μm) for the alloy based on Cr-Co 

are consistent with the appearance of the lift 

curve which reduces the qualitative value of 

the material surface, offering possibilities 

marked by retention, to which the unfavorable 

shape (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The higher values of roughness 

(Ra=0,239 μm) for the alloy based on Cr-Co  

are consistent with the appearance of the lift 

curve which reduces the qualitative value of 

the material surface, offering possibilities 

marked by retention (fig. 6), to which the 

unfavorable shape of the profile and lift curve 

also contributes. 

The development of the dissolution 

process is conditioned by the heterogeneous 

character of the alloy. The ionization reaction 

of the metal is developing with appreciable 

polarization in case of Fe, Co, Ni. The 

aluminum is strongly corroded in the presence 

of Cu because of the latter’s higher values of 

electro-negativity (Cu=1, 8; Al=1, 5) and its 

more positive standard potential (Cu = 0,33V; 

Al = - 1,66V). The tin is passive at pH=2-4, 

and at a pH>8. 

The nickel is passive at a pH>7 and 

dissolved at a pH=2-6. The molybdenum is 

active at pH=2-4. The iron and cobalt are 

Figure 5. The results of the  

measurements for Pd-Ag: a. the profile 

of the surface; b. the roughness 

parameters, c. the lift curve in synthetic 

saliva 

Figure 6. The results of the 

measurements for Cr-Co: a. the profile 

of the surface; b. the roughness 

parameters, c. the lift curve in synthetic 

saliva 
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active at a pH=2-4 and passive at a pH >9. All 

these chemical reactions alter the quality of 

the alloy surface, with increased surface 

roughness and ultimately compromising the 

strength of the restorative material. 

 

DISCUSSIONS 

Profilometry enabled the evaluation of 

the surface of some alloys used in prosthetic 

restorations, with the obtaining of an overall 

picture via data collection from several points 

at its level, and the elaboration of the profile in 

a specific topography (3,4). We thus 

performed the registration of the coordinates 

and the representation of the measured profile 

(calculation of the various parameters, 

calculation and representation of the Abbott- 

Firestone bearing area curve, measurement of 

the various portions of the profile). 

The difference of the images obtained 

with regard to the profile, the parameter and 

the bearing area curve is due to the different 

structural components and to the modification 

of the saliva used in the study. 

The study showed that a surface with a 

smaller rugosity is rather difficult to obtain 

given the elements that form part of the alloys 

considered in the study (filling particles, with 

size variations depending on the material) and 

which, due to the hardness differences, do not 

become abrasive to the same extent, leading to 

asperities and surface irregularities. (5,6) 

The moment the phenomenon of 

corrosion comes into play, Ra is influenced by 

the stages that take place during the process of 

abrasion; thus, initially, a selective wear 

occurs in the organic matrix, which determines 

the exposure of the inorganic particles; 

subsequently, mechanic stress dislocates these 

particles from the matrix. 

Electrochemical corrosion involves the 

presence of an electrolyte around the material 

or alloy subject to corrosion (6). The metal 

reacts with the electrolyte with which it comes 

into contact, forming solvated ions or soluble 

compounds. The reaction products can be 

easily soluble, as is the case of the ferric 

chloride resulted followed the dissolution of 

Fe in hydrochloric acid. If the electrolyte 

contains complexing agents (for example: 

C2O2-4), the ions Fe 2+ form soluble 

compounds of the type Fe(C2O4)2-2, favoring 

the passing into solution of the ions Fe 2+. 

These processes explain the 

experimental data presented in the above 

diagrams: advanced corrosion in acid 

environment (pH 2-4) and average corrosion 

in alkalin environment (pH 8), with 

corresponding modifications of the values of 

rugosity. 

The nobler component exercises a 

protective action over the other metals, the 

alloy being stable at corrosion (7,8). This 

protective action manifests itself only if the 

atomic fraction of the nobler component 

constitutes n/8 of the total number of atoms, 

where”n” is a whole number comprised 

between 1 and 17. 

The nature of the aggressive solution 

can influence the salts content via the pH and 

via the presence of some corrosion enhancers 

or inhibitors. (9). The reducing agents present 

in the solution (oxalate, tartrate), reduce the 

electrode potential, favoring corrosion, while 

the oxidizing agents led to the increase of the 

electrode potential, stabilizing the metal. 

The presence of the complexing agents 

or of the alkali pH favors corrosion, displacing 

the equilibrium towards the formation of the 

complex ions, for example: Zn2+ in an alkali 

environment can be found under the form of 
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Zn(OH)+, Zn(OH)2– intrinsic solubility, ZN 

(OH)-3, Zn(OH)2. 

 

 

CONCLUSIONS 

The investigation of the rugosity of 

various restoration materials at the level of the 

oral cavity is justified by the fact that, in the 

oral environment, the materials are constantly 

being subject to a process of degradation, due 

to the physical – chemical processes, as well 

as to the masticatory pressures. 

Both determine the so-called “aging 

phenomenon” – the alloys modify their color 

due to corrosion. 

The alloys based on Cr and Ni are 

resistant to corrosion, whereas the addition of 

Sn and Cu in the alloys increases the corrosion 

speed. The resistance to corrosion augments 

with the addition of the content of noble 

metals.  

 

 

 

 

In the acid environment, Ag, Cu and Fe 

speed up this process. The addition of Co and 

Mo increases the resistance to corrosion in all 

the investigated solutions. 

It is rather difficult to simulate the 

conditions in the oral environment and its 

influence on the stability of dental alloys. The 

synergism between the bacterial flora, the pH 

and the composition makes it difficult to 

reproduce, in laboratory conditions, some 

situations similar to those in the oral 

environment. 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

1. Youssef S. Al Jabbari. Physico-mechanical properties and prosthodontic applications of Co-Cr dental 

alloys: a review of the literature. J Adv Prosthodont. 2014, 6(2):138-145. 

2. Yanan Zhou BE, Ning Li, Jiazhen Yan, Qiang Zeng BE. Comparative analysis of the microstructures and 

mechanical properties of Co-Cr dental alloys fabricated by different methods. The Journal of Prosthetic 

Dentistry, 2018, vol 120, Issue 4: 617-62 

3. Hanganu SC, Armencia AO, Murariu, et all. In vitro Interaction Between Two Composite Restorative 

Materials and Artificial  aliva. Materiale Plastice, 2014, vol    51, Issue    4,  pg 388-390    

4. Süleyman Hakan Tuna, Nuran Özçiçek Pekmez, Işın Kürkçüoğlu. Corrosion resistance assessment of 

Co-Cr alloy frameworks fabricated by CAD/CAM milling, laser sintering, and casting methods. The 

Journal of Prosthetic Dentistry, 2015, vol. 114, Issue 5: 725–734 

5. I .Diaz, J.F.Martinez-Lerma, R.Montoya, I.Llorente, M.L.Escudero, M.C.García-Alonso. Study of 

overall and local electrochemical responses of oxide films grown on CoCr alloy under biological 

environments. Bioelectrochemistry, 2017, volume 115: 1-10 

6. Chihiro Iwamoto*, Fumio Watanabe, Risei Koitabashi. Microstructure and Mechanical Properties of a 

Cu-Pd-Ag Alloy Wire with Aging Treatment. Materials Science Forum (Volume 941), 1167-1172 

7. 7. Armencia Adina  ana, Ursache Maria, Hanganu  tela Carmen.  Researches on Abrasive Wear 

 ehaviour of Restorative Composite Materials for Dental  tructures. Materiale Plastice, 2009,   vol    46,   

javascript:void(0);
javascript:void(0);
javascript:void(0);


Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 2, April - June 2020 

 

197 
 

Issue    3,   Pages    300-304 

8. Zadorozhnyy V. Yu., Shi X., Gorshenkov M. V., et all. Ti–Ag–Pd alloy with good mechanical properties 

and high potential for biological applications. Scientific Reports | 6:25142 | DOI: 10.1038/srep25142:pg 

1-9 

9. Ardelean Lavinia,  Reclaru Lucien, Susz Christian, Rusu Laura Cristina. Scanning Electron Microscopy 

and Energy-dispersive X-ray Spectroscopy in Determining the Metallic-shine-loss Causes of a Low Gold 

Content Conventional Alloy. Rev. Chim. 2012, 63, No.2:232-234 

 

 

 

 

 

 

 

 

 

 

 

 

 


